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BACKGROUND OF THE INVENTION

[0003] Apoptosis is a process involving programmed cell death or “cellular svicide™ and
under physiological conditions it occurs after cell surface death receptors are occupied
or activated by various genotoxic agents. This process leads to mitochondrial release of

cytochrome C, which in turn activates the caspase enzymes that promote apoptosis.

[0004] Since apoptosis was first described in 1972 by Kerr et al. (1), much knowledge
has been accumulated about this important cellular process. Although a comprehensive
understanding of apoptosis at the molecular level and cellular level is yet to be
achieved, the knowledge accumulated thus far has led to the realization that because the
process is genetically programmed, it may be susceptible to the effects of mutation and,
therefore, may be involved in the pathogenesis of a variety of human diseases such as

viral infections, autoimmune diseases and cancer (2, 3). Based on this realization, it

1



WO 2008/ 118991PCT/ US2008/ 058323 has been wi dely recogni zed that any
therapeutic strategy ained at specifically triggering apoptosis in

di seased Q%é@f‘fl%%l suffer fromdisregul ation of apopt 8’8%@15%@8%58323

cancer) nmay potentially prom sing therapies. |

recent article, Ferreira et at (4) have reviewed current strategies
for exploiting the therapeutic Eotenti al s of apoptosis. To summari ze
the revi ew, &sdbeenmtdely regegnredshatgny thetspewisistralegy sithet labspepificsllyctaigedring

grouped into NES. ' '
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[0007] The apoptosis-permissive approaches, on the other hand, is based on the premises
that by blocking some of the intricate signaling pathways mediating survival messages
that in normal conditions contribute to keep the cellular homeostasis, apoptosis may be
triggered. This type of strategies do not have the non-specific toxicity problems of the
proapoptotic approaches, however, successful development of this type of strategies is
highly dependent on a detailed knowledge of the mechanisms by which apoptosis is
facilitated. Thus far, our understanding and knowledge of such mechanisms leading to

the secondary effect of apoptosis are still incomplete.

[0008] Therefore, there still exists a need for new strategies to selectively induce

apoptosis in diseased cells, and new tools and methods for implementing the same.
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SUMVARY OF THE | NVENTI ON [ 0009] Accordi ngly, one object of the present
I nvention is to provide a nethod for inducing apoptosis that may

serve as th&.fggisdef ©f new therapies. 100101A further QbiRSba9hsstsie
present |nvent|on I's to provide conpounds and conpositions tOhat are

useful as apoptosis inducing agents. [0011] Anot her further object of
the present invention is to provide a nethod for screening,

sel ecting, and di scovering OF THEINKENTENu| as agents for

i nducin a opt osi QWgOOlZ] Yet anot her further object of the present

i nvent (§H09%1s t o pewrdidglyapupobistisehtsepresent dnviention fsetohpewideca method for

treating d S%aaﬁa%alh%?qgsﬁlma%s 55000 R RS Lo MG plythe present

i nvention, pare
follo etail ed SCri o] f the referred,enbodi nents, either
al Ong“’g&ﬁ]ﬂi BETRR ik o koefh BuRmeR: 1P crobget fmpomhd and
unexpect ed dmwﬁronsmat@eﬂ@wﬂa@dm@&rm@um@ sbum (ER) - stress
response nechani sm which | eads to apoptosis. [0014]In a first aspect,

the pregany | nveﬂﬁdtﬁé} REQY @@j%ctaoﬁ%{eh?fisé?ﬁ ﬂu%‘tiﬁh NY 187 preide 3V &ettdd for
stress’'in a cell's ER to trigger apoptosis. Enbod |rrents according to

this aspect #teening, ﬁﬂl@@é&tandmmemg cgapevnls that iarecysatid as hgentst fep indyéing
sel ectively %lﬁg{ MRiting sarcoplasm c/ ER cal ci um ATP-ase ( SERCA)
activity in cell without inhibiti ng cycl ooxygenase- 2 (COX— 2)

acti vi tahqand el vat CCAAT/ enhancer. bin

o1 ot o [P13R0r ogot AP BBat DK PR LR eheni GeRbioR o b Bpide SBoP sl
arrest and OiAtgaTR@thdds ticichfig deass153 (CHOP) in the cell. The
conbi nation of inhibiting SERCA activity and el evati ng CHOP

expr esfiods] r esul tifesd And &mdw[]éoﬁm of an® kb mQéntioﬁ' tih@dh @il Become more
apoptosis in the cell. [0015]In a second aspect, e present
i nvention praPRigals Iy cetuneiens withsthe ctoliowing detailéd descnptlon of the preferred

embodiments, either along or in combinations thercof, have been satisfied by the
unexpected discovery of a new endoplasmic reticulum (ER)-stress response mechanism

which leads to apoptosis.

[0014] In a first aspect, the present invention provides a method of inducing or
aggravating stress in a cell’s ER to frigger apoptosis. Embodiments according to this
aspect of the present invention generally include the steps of selectively inhibiting
sarcoplasmic/ER calcium ATP-ase (SERCA) activity in the cell without inhibiting
cyclooxygenase-2 (COX-2) activity; and elevating the expression of CCAAT/enhancer
binding protein homologous transcription factor, also called GADD153: growth arrest
and DNA damage-inducible gene 153 (CHOP) in the cell. The combination of
inhibiting SERCA activity and elevating CHOP expression results in a condition

favorable for initiation of apoptosis in the cell.

[0015] In a second aspect, the present invention provides a method for screening,
selecting, or designing compounds useful for inducing or aggravating ER stress in a cell
to trigger apoptosis in the cell. Embodiments according to this aspect of the present

invention generally include the steps of obtaining information about a test compound
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sel ecting, or designing conmpounds useful for inducing or aggravating
ER stress in a cell to trigger apoptosis in the cell, Enbodinents
accordi ng | spect of the present invention gene | e
t he steps ‘%QZ@E/QQ?% ng information about a test corrpourﬁl)glr)igaé2({%]5‘648'3lg
2008/ 118991PCT/ US2008/ 058323 and identifying the test conpound as a
potential ER-stress aggravating agent if the conmpound is an inhibitor
of SERCA, an@hd klepfsfyingnth fest somppunsk acoypotentialJBR-Gress aggravrtiing agepedft the
t he present | | ' 0 . St ress

&d?f(}f‘oﬁn t!&], 4 %&yﬁﬁﬁé@%@% gs%ﬁ& g&fg n‘d?@qfai':ﬂhlb\{j\:gr GRS

aggravati ng ag ener a rmu erein, RLis

met hyl | yor o h diflugromethyl . frifluoronethyl, alkyl

T uor oMUY " G FoiRbisd et B RS pisalig proViy SRl a¢ en ER strss
hydr oxyal Kyl agggdvatisy &xy abKig thefgendral foirglil@agen, fluoro, chloro, brono;
fluoronet hyl, difluoronethyl, trifluoromethyl, alkyl, fluoroalkyl,

di fl uoroal kyl, trifluoroal kyl, polyfluoRgal kyl, hydroxyal kyl, or

car boxyal kyl; R3 - R7 are independently deted froma group

consi sting of: hydrogen, fluoro, chRe ono, all oxy, alKkyl,

fluoroal kyl, difluoroallcyl, trifRgorod rgol yf I uoroal kyl,
hydr oxyal kyl, or carboxyal kyl , ) et eroaryl ;
R4
N~ Ro
J?
Rio Pz
Ry ©

wherein,

R; is methyl, fluoromethyl, diflucromethyl, trifluoromethyl, alkyl, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl;

R, is hydrogen, fluoro, chloro, bromo; fluoromethyl, difluoromethyl, trifluoromethyl,
alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or
carboxyalkyl;

R; — R7 are independently selected from a group consisting of: hydrogen, fluoro, chloro,
bromo, alloxy, alkyl, fluoroalkyl, difluoroalkyl, trifluorcalkyl, polyfluoroalkyl,
hydroxyalkyl, or carboxyalkyl, aryl and heteroaryl;

Ry — Ry; are independently selected from a group consisting of* hydrogen, fluoro, chloro,
bromo; fluoromethyl, difluoromethyl, trifluoromethyl, alkyl, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, carboxyalkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclic, aryl, or heteroaryl; and

Ry is hydrogen, acetyl, acyl, alkyl, fluoroalkyl, difluoroalkyl, ftrifluoroalkyl,
polyfluoroalkyl, hydroxyalkyl, carboxyalkyl; aminoacyl, aminoalkyl, cycloalkyl,
heterocyclic, aryl, or heteroaryl.

[0017] In a fourth aspect, the present invention also provides a pharmaceutical

composition useful for inducing or aggravating ER stress in a cell to trigger apoptosis in
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R8 - Rl11 are independently selected froma group consisting of:
hydr ogen, fluoro, Mro, brono; fluoronethyl, difluoronethyl,

trifluororpdbyknisddKyl . fluoroal kyl, difluoroal kyl, tripfhHRbR804&%s
pol yf I uorgg(?kyl , hydroxyal kyl , carboxyal kyl, al kenyl, ell)]lcck}}%y@?)o 3

cycl oal kyl, heterocyclic, aryl, or heteroaryl; and R12 is hydrogen,
acetyl, acyl, alkyl, fluoroal kyl, difluoroalkyl, triiluoroallcyl,
pol yf | uor oal Kl celly Embegiments acceisingoto, ik pspeciaph Hsaprpsent inventngl rerally

cycl oal kyl , | : I
cycloal kil HERRE SR ¥kt Akl ot ORIl ORI W bRl
compost b ioer il o i MU RSk RANEL K08 R BALE Rl Pk 8
EreTEgSLFF nts ngi'sezggdjiﬂgiégm i? rb'gsﬁ@s bye?fdugi?_g 2h@g&rev§tti@glﬁ isﬁgg i seddtted diseased
g y I - S SS gr av ; .

phar maceut i c%?]-‘éfoatﬁlg%taé’ﬁl’@s%éﬁl %F&ls O%Tg‘]q? enys peqording 4oy dhis aspepfpof the
present invepfekid ifbenfoRRuéERS iR hdsté R oft TRRIMINGrA adpieRsRatically

condition in a patient by inducing or aggravating ER stress in
sel ect ed di seffeséise amponat of e pharrpepepticab epraprsition; agcerdimgde [thesprevious aspect of

Enbodi ment s ﬂ]lgﬁgésgﬂt%e’hﬂoﬁ.hi s aspect of the present invention
generally inc e the steps of: adm nistering a pharmaceutically

or cvi ol tTnocr Qfter e BIPLIRAGHIRERr SRRt O REEBLEAT S B fffovine

advant ages oflestiiystionrmué el appended clabes. apparent from the fol | owi ng
description and the appended clai ns. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0020] Fi gure i i £ I e critical
events during the ER ﬁ‘?@f%@%@*bﬁ%@éﬁ ER stress
(such ter the inhibition,of,SERCA) .translational attenuation
ensues @ﬁg parti ]'rt}'g'd’éﬁ Essp‘?‘ﬁs # I‘?Bn%lﬂf?gelaﬂ%qln ©f Z@eeﬁ”t“%cagFthitFe ‘Eﬁ‘gs@fa éﬁ% stress
response (ESBponddieinESRei 6f e@REd IBRUsEbs OfsudiMas aifleR GRS igkibRioR 38Tt SERCA)
protective conmponents (listed in the |left box) that execute defensive

processes t oraie{ipRal GUFuatian catieyapd pagiisinates Ip rthe subsggignt oyents of the ER
pr o- apopt 0si grebdRgidisd RIS TR BSRrIP,@%HEu%ed(c%ﬂt%g%ﬂmgﬂ?i arresgpg Hﬁ%ﬁy\tive
| deat apo )p I

which will begin to domnate and trigger ce . t os
stress beconsmpopente distssisinvibe toft e tlot ehesutecdsfensivd rireagsdes 4 chsuret ¢edlular

continuous p f S inhi bitoF) . . e of ‘o1
ow | ovel T cREEF g e ait ) B ar s ed BB R f bomponery Gisted iy e
conmponent s inght fbex), eftiictb euill ragint tai dondoae aad tdggan dels dpgthr(bpdptosiy) i€ stkdss
survival even under adverse conditjions. th re oftentinmes present in
Cumor i ssucRePBE PRISFEUSE of S5Hh e iR (RTLE ReberegiiuaptrpHoaks
condi tions, SHRCAGHKBHGNIS ahOBNowWlelElRhfin8hER R@¥ssabe isefr&c{h@ﬁtbn?fesent in
present or are onl?ﬁ% weakly active. However, vvhen,tﬁe tunmor cel

a

encount ers dHEPT Feifarcomponenisdasthe deft hoxh ainigin dgrinanee i swreB! HEIoE cell
i nhi bition of$FERChen Ly %@g&%@ﬁ&&e}ﬁ% é@xﬁén%\eﬁk pﬁ&lﬁgﬁ ggﬁor%éde r@%v

greatly aggravated and the nponents shown in therig X beco
activat ed arevelefirxagen. e glicosgieksis) inderthessredinditionss thetchmpdedngysbowe in

effort of coppPARETR atdbifbBFndBldse ¥ aleonRPhBEIPYG LB, when the tumor
cell encounters additional ER stress, such as through the pharmacologic inhibition of
SERCA, the already present low-level ER stress will be greatly aggravated and the
components shown in the right box become activated and gain dominance; under these

conditions, the defensive effort of components in the left box is being overwhelmed,
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WO 2008/ 118991PCT/ US2008/ 058323 and t he conponents in the right box
will execute tunor cell death. Note that the listed caspase 12 refers
to the murg§ekRigdyof this enzyme; the human orthol ogugcirfissSRSPASS 4
(i.e., human caspase 4 and nouse caspase 12 execute simlar functions
during the events of the ESR). [0021] Figure 2 |IIustrates the three
maj or activity |evels of the ER stress response stem and t he .
ant agoni st i c arbthe sempanspfsdn Apsorehitbpr “ﬂﬁﬁlﬁ‘t"ﬁl@@mﬁl‘c th. ete thatthe lismy
The "No ER S [ o

normal cel |l susﬁie%% ]2%\@/%%}5 t%%@smo %%%%gﬁlgﬁﬂ%he ER dl%e lpcaépaseﬂ'
PERK, | RE1, fired hofEg caspass kandpnause saspER 12 exemiss suoﬁq:cfnmmms dhn‘lrlghbe gvents
i nactive Stafﬁfﬁ Egﬁ?) In cancer cells, chronic stress (| ow gl ucose,
hypoxia, ms | r ot e| ns) generates the "Low ER Stress” condition

(m ddl Here, Low | nuous stress | ad to e parti al

ot oaT00Ter o foiee 3 uSiels B8 Thich 1893s B kTS R ik ER oipat sponse
el evated | ev@s&npancﬁamﬁnégohisﬁ&asieﬂm%/gsr@va@bptow& fuGlati SO GRPY$1@nd CHOP:
protective conponent of th R stress system and furthernore increase

cheno-r esi st EhcEOTNG ﬁﬁﬁ“eé%ﬁ ¢apdition (feff) 35 the dgtaplt situation ipmormal cells. Here,
t ransnenbr an@erﬁ%@%ﬂtcﬁ" A8 in iREER 130h B1RE% BERR! BYE] %}ﬁﬁ %s%tﬂteep

activity, whic esunabl e are fine-tuned and ad] usted’
El evat ed | ev@lesp SERE7RMIpengNts 1 thein tinagtive eatafdsl(Bb én cangsr eefllts,ednsmofstress

the initial h il
chaperone f o ﬁ?co? gb &h%tn%lfsgog&& %?’tehg gé‘& a4t '%ehl Oﬂ' 1%:I)évste *%5tY 3?21011
gener at es t hgnid@ey éfeee, ERV&WM cogiifiuoas isioess (lesaldghtﬂ)e patdﬁalcabuvalon of the ER

characterize severe (but ansient) jnhibjtion ein

synthesi s Vi g"eﬁ% P@%ﬁfﬁieélh "Bh’o 15 Pé?leﬁ?{e‘iﬂelvﬂéef &&g? # g‘&ﬂ(’k‘(‘ffed arrows),
transl ation whichipbvia® tha ptodictide ¥bpl P@ne(nf—‘ loF3R9 B Bir&k dybB@Sind KReFmore
these conditjons, the protecti ve effort of GRP78 is overwhel ned, and

the activatiBfrear ghemosiseipiante ef ey eala Sube soendrios fer ERt rapsmembrane
cel | death doidbaess pERRTYREDIGE RIFeMSy Wle%lﬁ'éf AaRit) CARIA AL AL I

that during treatnent of tunor ce re ER tress
scenari o appire é’gxe-tm@dtawé @mﬁtqdrh}bﬁgl’ﬁiiegbm@ iﬁveftsmstI&IPRghelp lte newttdlize

ble t :
of GR7S: i iR et OF HEhAEHGRS, SRR oBR S ek Bufh BEBEE LRENEs
4 initiate apnmrom f@r nasfdldbdlprotmhsl (@ I&ssmt@:ﬁ,(lﬁgl} Fivelutresskeatrates tHeh‘Sbvere

Cel ecoxib a ratein.level.s jn vari o S, cance

i nes. Sover dk ST dREon R, dEH 1o shrmbricsd By piedb Rt o eah dneioy
were WO 200%@&9&@&%@&3&@%}&5&%&&%&@ lationt BenaRfiRSIBAL6f ®inslation
celecoxib (Cxb; /40 and 601. 1M or 30 and 5011M for 48 hours
(Co: cont r ol initigeen faciest%alphe |(¢153a) Gfbl@h ing®)| Puderr thpspseandigiongs the protective
prepared an @% YisVeod-6 o] |y

ant i bodi es ?egi%%ﬁig-’ 7l%alscont rﬁ{lm%r gne@@gel {vﬁtéﬁﬂ tOP pw?&{ﬂ%tfcsc}lorl)eand
al so anal yzeuibseiqudnt ainttiabionl i of sceflo deatht |dom(umuésy(xmr§e ﬂmék tdress). cOmt mokk has

blots is sho bott om Thet nor t el

i ndi cat ed on&mm? Stﬁtteéﬁ at:% %i??é? PGS t&tﬁggh& é%gere%ﬁ{ bfess”
i ndi cat ors akenaribAdpples. i the b@ﬁhuoﬁ)pr%eadfdhlk Hﬁ@tk@&ém isunablé3d neutralize
gl i obl ast ona cellsgﬁere cultured in res nce of

t hapsi gar gi firgergf Fests MepRte £loyat qu s°ft B‘BZS @§e¢‘£§%€% dnfluction gf

cell lysat esCPl‘@P%ncPé&ﬁﬁﬁ&Pof%ﬁﬂ:a@e”ﬁW@a@éja todRSAnrtRe Qe th speci fic
antl bod| es to the ER stress proteins CHOP, and caspase 4 (Casp

s u
Mhact | (e 2R pas &g Bob ik %8@2%%9@35‘521@ HOFIFERkTR LR vy
t he acti vat edndeorcpll dines.hSeyermh diffrent "chnces faell slirtes (m frdatated-on greakefthgvere
band that is inconsistently observed in these Western bl ots.

[ 0024] Figure 5 shows that DMC and celgcoxi b, but not other coxibs or
NSAI Ds, induce calciumrelease into the cytoplasm (A U251 cells



WD 2008/ 118991PCT/ US2008/ 058323 signal that is inconsistently
observed with the GRP78 anti body. Al blots were processed in

paral l el , yp@2d08aisosi gnal intensity is directly conparablg RaRBEsssae
different panels. Note that DMC is the npbst potent stinulant, whereas
rof ecoxi b and val decoxi b are inactive under these condrtrons

10026] Figure 7 shows that the_ induction ecific
to cel ecoxi beulyef imybe arsepneepf felasexib ALk Lﬁﬁhan@é@ ylvar qr&}‘r’fﬁé%m §1arrMé for

were cul tureggi u.f]hfboor&ﬁﬁﬂc%oﬁ tﬁeM’ceﬁgl §B0RX O?@nurslo gsgtgybver@@ pated and

val decoxi b, an e protein |eve ORP78 were de
by Western bhudlyzed dlyyWegemn Wmalame v(ith) spwﬁe aptihodies ¢& CHIOB Aspdvtaitrol for

each drug, and cong atian af t,er.. 15 hour f

i ncubati on. %uai F()adlfng’r p fo{s W %’gﬁ%edqwedﬁgfl tﬂﬁﬁlaeggi? th%é&ﬁ’s?%et %fntp?sff

obser ved wi t boritiok bloRPEShewi abthd)bottblﬁ) (TG, tmﬂai ype vLEahicel dineds Widichte®On
.MDMC in t&\x%%esence or absence of 20 gM BAPTA- AM and 0. 78 nmM

EGTA both o Eh are potent chelators of Ca2ii. Al blots in A and

B were ‘i)ﬂocessed in parallel, so that signal intensity is di rectlé
conpar 28l amonglienee di shows dhat R seess. infigefors1are dadused si rpad

i nduction of yf %‘%%r%iﬂa hteoid ghc%?és'&ﬁhe?‘tc%ﬁs Widr r%dﬂﬁfeﬁaﬁle%f‘%&t‘:ﬁ’&' o andim

reduced cell vival. 0251 gl oblastoma ce
treated w t hthepsigasgio fTg)hr 6§ M BMC Verriadoss tpmsamném@ed)ﬂ“ otad lcll l}'s&iw Were

d Il d h
ond oo | SeSh Rt 6 EATRALEH) YELL AN drof U S o
DVBO al one. GRP7&aTHOP yad eadpased @hspd). A c8H was used ap W1 6Adin of contrélS Ploatsss 4

and the effects o ceII rowt hi sundval an deat h .wer )

et er m ned. bYPTOIEE R GacisE Sgpeser BOABIS, PRGBS GFRUFAGRD dis Efaireef the
di spl ays t headtiosted e 610MIs@neRhS Wrefedd 18 NEs@E TR atidhBmE thd & ABSR!stndy
nunber of survi vi ng cells able to spawn a colony of newly grown cells

was det er m neterved 1 theseaVestgpbladd 9% Cel | Growth and Survival shows
the results of conventional MT assays perfornmed at the end of the

48- hol024} ug t rBigurechshopisthas PMEGad pelersiib, hujalopethes opthsooNSAIDs|ihduce
ts the d ' . |
Phe TUNEL accelif b8 inE Bt last ORIk AP DR B alectiiu] BYRE oF bl

panel s, the exjrsessl NSAlBy el dfanpdseinERuatdlaks dalcdlm:dé\@isw@elﬂ%porded as

GRP78, andc S f,t 48 hour dru tre

Show, a0 SRSpARdn Bhretills £ WeBhet "o Py IRE mahbis Yehie e (TRpteal' ks of
i’:mt ld bodi es gc'ac(fmﬁ %@féaseftlh@twemoéaﬁl%{nl%w&?xﬁ@ ih USeHa sy Qﬁ&&ﬂ? oatcelecomb
oadl n contro | IS re reated w varj]l ous concentratli on

of di f? er entfr ﬁrfaeé %I&roﬁa phowsthe itypical gspepse Sifo laglt thergalltip valdecoxib,
measur ed wh e thtbite i iRldnRAukin anl ulfFhd TP okh ok Shidtkblt),

DMC or various coxibs and traditional NSA1Ds for hour s,

i ndi cat ed, afwioweindiegreotimepoint L simg/pddition ) qur’erhﬁwﬁehe wemet(nean +8D)
conventi onal r 1 ,

100% . MIT oeiase] iR353Y il faRiokblo oBRah ol B ARl R RoRTov@l repets
3.0-8. 0 x 1(3sedially sipglar wetlts were diss obtiained wiith tlmteTLIémQ elldmahere (34).
In parallel, the expression |evels of CHOP and GRP78 protein were

det er nj002§] by Wigwiteré Hoots thatathey RidactioNodfeCHORtandRH7S it Bgecifisth coRt®Hb

drug, cel ecoxi IIy aker d no e of the other oxr
or traditi oﬁ&ﬁ%@ir %i%jré %@Fret i PSR, © ]RMQS?L ’?’
9 shows t hatyofdagxik] Wﬁcdéldé@c%ﬁ'b %d @%Dﬁ@te?mraaag 6§CH‘®%@Q§RﬁM&e@Q&ﬁnﬁEd

Caspase 4 reduces, cell killing by cel eco)d

gl i obl ast orrd’YcWIeﬂgmvlé@TeaDﬁ}yalﬁ-s$W are (A bt éfere@@s WSQWMIOf RNAI dre.coddB)
at GRP78 (sig, i S 0 I RNEY
targeted at gr eeng%?rﬁg(r%ggée}l%?%gré{)t?erhﬁ% & %E_}ﬂh R sgugégéd@ t?Asagac%
Seventy-two hours after transfection,7parallel cultures were treated
wth 40 cel ecoxib (Cxb) and 30 p. MDMC in the case of

g




WO 2008/ 118991PCT/ US2008/ 058323 [ 00291Fi gure 10 shows that DMC and
cel ecoxi b, but not rofecoxib, stinulate ER stress response and

apopt osi s yW@2808AR0ocel | s i n vivo. Nude mce were inpl anicgfis2008/058323
subcut aneously wth U87 glioblastona cells. Once tunors had reached a
vol ume of 500 nun3, two animals each received either DMC or rofecoxib

(150 ng/kg), or no drug for 36 hours. Thereafter, all six animals
were sacrifi seeplafhat ihdpoonsistamslys obseavedz with bihe i GRRUS cintibedye Holhi dets were

staining for CHCP %?dll .

deat h/ apopt o8i's. ?_dgi?lt palﬁké Isgﬁlagggéaé@?%%{y Iﬁ?&%@%@%ﬁ% a‘?gl%ﬁhf} dgfeé%rﬁ
rect angl es dpmelseNetel thatdeCas desmedt potest Siamdanthelicoens aplecoditoan valdeetigb
m ddl e panel s death (arrows indicate exanples of

.. R.ght panpels: cell
TUNEL- posi ti 8,‘“%%‘ efl,mdg{) ?eoctof’gl,%o?:sel | s). The entire experinent was
r epeat ith ingreasing daily.dosages o rugs .(i.ncl udi ng.cel ecoxih
for 20Tt < (52@%& L Hopsthey %m@gg% SeHOB RIS speeforetecon

obt ai ned. | nay ]bl\&aaiﬂ%e%dif%%ﬁ&%ﬁi a2 MR8kt TelRd Werd #AMIed in the presence
[ 0030] Figure 11 shows that DMC, but not rofecoxib, inhibits tunor

growt h i n vi ¥oDMéideclaeprid, mdpeoxibasir araldeendl andt the aweisinylevigls lof GEJOP and
gl i obl asto &b . t i
recei ved dai ?Z#]gvv?/regﬁ&pp emgn ed W #hnﬂ%aﬁglgf gé@‘?fﬁe (%‘5 tﬁ% %?‘]I'}%S at 50

Tunor size wal afeteh diugeahde(Bd cyndehtratmndipendesizoafter i1 § hbins of renbagen. Ber.

(mean SD) tunpr_vol in each.group. (n=5). Asterisks. (**). .0

bet ween cont ’igg s E?nf’dg%%ﬁfw@% q%aﬁ i ?@SE#DH&Q%WC%‘[%‘%% ﬁ%ﬁjgeaﬂ%@(’dy‘
shows t Ihat Cgmlr {37 o¢lisbwere etreatedxwith l@q;i\dmm_cr ﬁﬂﬂﬁfi‘plﬁéﬁl@ bﬁ&bﬁﬂ(ﬂﬁﬁ p%(_b M
survival . ro Ssu of wvarious gliobl astoma ce i.nes
was det ermi n]gﬁy gﬁ'%ﬁ@?’%ﬁﬁ#é?‘%@tﬁBEijcgjarecRﬂt‘E‘}ﬁF elatarsioh Capyy éddiete
of increasing &QRE et pro8kssedfl in(pBlallBDsh Qze@@l'_gaal( Rty (Rlirce@®) 86RMrkble
(CXB), or (O 2,5-dinethyl-celecoxib (DIVC). or conpdrison purposes
to the knowrrmegngthediferesf panglsel onm ef fects of bortezomi b, the

RPML/ 8226 multiple nyeloma cell line was included in (A).

[ 0032] 033} e 13 EipumesS shows tiziAhedndiction bECHMPHEND (ERRFS dorrdiatea rithsnaéas&R
stress. U251 gliobl astoma cel.ls re,cul tured. for ,.2 ours.n th
presence of a[pﬁgt'ogggp c?lﬁe%g%eﬁlgcghtgf%tl oaﬁg S'L(])J"f"'w(a ;A) q‘gg?tgg?@ﬁ?q%mfgi WY %Eaé?d
DMC. Total cwith diffseaitedruger sdanaions gehrdnyetddé sdfecetl ptoith viintl heedlp éeith ivere
anti bodies to ubiquitin, 78, , d caspase, 4. Actin used
as a | oadi ngcoggaﬁ{aﬂngl_y a@?@%ﬁf spfye of‘g@ rFW@‘F&&EP?’v@“C%@E?QS 0), OT \Rys¥e
20081118991 RtehtdSAGD e R083RDMISCLAIENTEA) TERY Ra® thaRadth SBEP5FHUMSDMC
indicative of the activated formof the enzyne. For conparison

pur poses, cdPr 48 bpwa aedithg affgcts on erll BErtthserdvel gisk e egildopthedere determined
si de- bysi de ol s d19a8ekd( J.NgH HaTeRT

of ubiquiti n%yﬁ, on | égsﬁ‘ﬁ:ﬁ%ﬁg’% lp?léé\i}eéll ]g%{?bélj r@ﬁ‘%@%ﬁ%@%r%ﬁ? eesgﬁggp{nsa
t han i n DMC-cotomsitfedninglabsay, wbete théabsolute hireberad pasdvidg loblbst abls v spaain a
non-speci fic r d r er v consj nt W imJar
observati onsco?orqiigt en%W gér% ?{ﬁufeél‘)é\ﬁat? hdé%gzrglél&&ﬁ lﬁ:e aéjﬁ%j Za%%elg? e)"lv:éﬁ 2 n@iof”it eand
W th the useupfivalahowesitheeeslts of GonferoionslIT)ascns pertormad aSthe ehd of fhe 48-

literature. [0033]Figure 14 sh t hat cel eeqxi nd AMC _enhance
growt h i nhi B1°FF JiU&, ftFamasmf ReER Vﬁﬁ% vt el 6}) ABOPGBE aSeibnresany the
lines were tleRah@ge W cBIPdeoME BdpBéM) as 040 bhed CUNBL aRiy PMr 48

alone and in conbrnation. (A) Photom crographs depicting the effects
of conbi ned hebispfdregireatment; Relowitho thapripanels, the expressignt levelsiof the FRsstrgps
drug treat : n i i 0, ) i Lve .
anal ysi s o%ﬁ%&%gﬁ?@% girigggl’gifnﬁ gg%ﬂggyﬁﬁgg% %ng S ag?ehotafj glg]%etgp@%%ﬁﬁ '
drugs as abchewhgs dgteriged by dVesBrhblat analySis|withvipatiifik iattjbodies (ahtinsenvidad
by trypan bl ue exclusion assay. The assays were perfornmed with
triplicate sanples, and results are rgpresentative of three

i ndependent experinments. Shown is the nunber of viable cells under




[ 00341Fi gure 15 shows that eel ecoxib and DMC enhance upreg-ul ati on of
i ndi cators of ER stress and apoptosis by bortezom b. (A) U87M5 and
(B) 1980 &pdhssMmos cul tured WO 2008/ 118991PCT/ U S2008¢PR3%8F 058553
the presence of 10 riMbortezom b (BZM, 50 pM cel ecoxib (CXB), or 35
1.11% DMC individually or in conbination as indicated for 24 hours.
Total cell Iysat es were anal yzed b%; Western blot with specific

anti bodi es t & leedirpgoniepli®) (s yiese rsntedoyifh 3yrious £opeeaisatipns of diffeagnt drugs
caspase-7 (Cﬁy?‘l@,s bursCE&SRARSR aél@acsﬂ odth WaEBRaaRG KA %Qfmh@ﬂ Kit.

Actin was used as a 1oading control. Pro-caspase denotes

full-1ength (GnGdlsi wep tratdasith &M@rmy\ramess covhiby aattr@dmamémsaﬁdgsafse%
represent th t of t enz S t| of J

and JNK2 vvasﬁ eal? éliad?lce%dwgr{dﬂ& l}%o use o FrENan S% nm ef%iat SPEci RAN (EIPIFEQI
recogni zes memm@dlmmgmdﬂeﬂi%feﬁet atBB)OQ/@J W%}says Eﬁwaberfonned

amounts of JN e conf ned wi ntih that reacts
IJNK forns pr¥s Y"eﬁ é]EFr Bsel%th%'ﬁ Xy ]‘rQatce $HhB8TKYHoRA d&?"“&é’% detall
enhances cel djsditetd @g) tm ;sa@mél ftEé bRfediondetdl£at TR aﬂeﬁékws &elW&e

transiently transfected with si- directed at CRP78 (si-

a control, afftammad by Vesera &l%ﬁn@}’%‘é Ao that AMCein theypest @Pﬁ@nf(cbﬂg,@lﬁ‘;omb
was used. t
nor e T eat e p L B o o o\ e b ne oo PR NSAIDE i 447

cel ecoxi b (Ox@pr theseengiNemBMC. I n paral l el , transfected control
cultures received no drug treatnment or treat ment with sol vent (DVSO)
al one. [M828pr 48 lhguresﬂ showe thatuhs kueskelomanafV@GRIP Znehhbives f wha tdsdmock-down

surviving cel etermn S t he

cour se of TRrGeEs £ R, Bl ilng B Aok R BN T bt o e gl
to spawn a CHdreRyndiviB teankfieted Wittesi-FOTA Gile&Bd 65 GRIPIS (s TRP 7R @g caspase 4
treated conditions was set to 100% . The reduction in col ony ers

in drug-t r edfeesBidERbY C?IF%WB@é tgkgeted ot areay ﬂppr@%eggprotem (Sl GFP) was
Si GFP- transfiged qd) GRldrty- s h§k8 bt tr&ﬁké epglwgla &ﬁ&&es(@éﬁ QRgkd i) 20

In order to verlfythee ctiveness an iclt
transf eet cd 1EYI-cRikpexib (&) and 36 Idf %Iﬂ}/@hes:a&ﬁ Ofmwéspﬁﬁgswrowth\é% M

Cr et ed w 10T 0N TG i BBl CoR LR Sl RS LB e

wer e pr ocesgectiaddodizuge treghmentsir rm:httrmewuh IsyLvexar(DMSQ)r aérer Afleas8 beurs of

by 105 21 P SRS oY, RS el ST B oo Hots S g S s
nonet hel ess deERinedNsi sdlemt ytnlimvassask. i Shodach Hhe rpitdehsage a$ sﬁﬁ:mag edlls
to the match@gg contral glls tragsfected wth siG-P. O note

2008/ 118991 KEHFEERTBERSS §Be0k0 P DS e EOIa0s BRRFfo LO9EAY. The
drug were u%e\gia] RARB n u
enhanced cel'l deat%mlg)ﬁ/ gﬁdg'?reéﬁlgetgzta%%gn ﬁ‘%gg%f%%&gér eﬁll%msqﬁgl Bétu@én
DMC enhanceseloreceiyingisi- @@7&@@@@@@@@@@@ ambﬁw@qnt@ﬁs secpmng 81-
vi vo. Tunor i K e

and 7.5 oy Kgoonend SR SRR, PRt T BBt gl PSRk R e
unt reat ed. Bi-RNAsh&sterd diotrapalytie oﬁrﬁhe‘raalrgt wtansamsmerfoadechmtbté ket the

tunors anal yze i J chem cal

i cator) Spotiym RERP o e SR it CHORProffia: SadPRLen e
show tunor mdislef ER airesdwiidrt IGIEH@R @ialind ﬁ;dlp@ﬁeanﬁ BEICHOP. maq;ih@zx BRREIAS
show enl arged areas (i ndi cat ed by the small rectangles) of the sane

sections. TRECKOMIIREPaReILS tagged AndclepuriECaspss) hpergmes ubdsjgotablegchut does
TUNEL- posi t in¥eafg&t t 0 ERipe T r

TUNEL- p05| tlnve cel | h? l%sn%gfcat eg ngges?&{sé’:ﬂicgléc?%%&?%bél?&@%%&@d Fom
det er mi ned ithe ER stresamgdell wherh cazpaserd is dowosdrsam ofiGRRYS signalimgzach
treatnment group and is presented as mean ESD, Statistically
significant differences in the extent of tunor cell death between



[ 0038] Figure 19 shows the relative ability of three related
derivatives in accordance wth enbodi mrents of the present invention
to induce apopkRsds i N human gliobl astoma cells. The nypgh/R9G080is323
conmpound was the 2,5-ditrifluoronethyl derivative (DTF3C).. WO
20081118991PCT/ US2008/ 058323 DETAI LED DESCRI PTI ON 10039] As set forth
in the summary, the present invention is based on the unexpected

di scov;&‘?@,z%f a nEiguse Hhshoyss thas DNJGiang celheoxiir byt natgefepexdly gfimwlate ER stress
mechant sm ! Ords e CaPARBASS in| RurftfiCRARARE Qi L NE BdeALREY iblahfdE
present inventlon, enmbodinents of the present 1 nvention provide

met hods and subgirtgndously iwithl @8ikglidblagtontacels. (Quice gymorShatiehdhed lalvpluntenaf 500
present inventiso rovides .a new cl.ass chenot her ut i.c. conpound
capabl e of mddut gwo "|g""3rq138%jl %‘?%‘?Wecdc‘?l@lf’i P&f%f’ﬁ go{tre‘r%:%@ @%ﬁ%ﬁﬁ%r‘fﬁ%%@
apopt osi s (c®$ hotkeaThgreafter,bsll BixagkiindB| Werprsatrific2t adnld NBeid tGme| SRR by
cancer cells, T]ggﬁe 0;% ounds al so inhibit tunor jnvasion

vascul ogenesTBURgHst g}_g’(‘}@le?ﬁfég’i“g :fowggﬁ?t?mt _ﬁ’é‘é’éu &0 Ry JUNEL assay for cell
char act eri zegkaBYadob@BisPTeRVRnbRDlekirbdidn! BE UL GrbBR 0 Irgrlg&p'r%'téngle
little toxicity, can be adnministered orally, and may be conbine vvl_tﬁ
standard cheffvptscerdgeed iatcas §éths simoe phethaiaple ghewm iie e eriddi¢ fpergls). Right
Ther apeutic 0 or.di ng: OB R Gi - prese .

i nvention ar%ﬁ‘gﬁgh&’? (get%ﬁlt ¢ag.g??h%d%é%ncer %geg%g "1 V|Ihg&gtﬁ‘{%f f‘?/ él}rﬁ)g¥ou§’scegs)'
col | ecti on ofhecatydire exyerioeht was spebtedawitheénaggsingeatiily dosdgks chdmes éncluding

[ 0040] Al t hou not. kN ding t e. lim any. rticul ar theor
Lobriet i scaleah fF SRRt Eet Ml SdsT aBT Rl e R
herein to fadlidaséspieprederftativie sadtidns @8Rh@ie under st andi ng of the
strategy of the present invention. Mdel of ER-Stress Response

{0041] msofndopllagmeclr SiidvisUthHDME) bus b€ oFedo®HD ilHSts(fERBY oFRR 18 tvivo.
of a set of adapt]ve pathways that can be triggered by disparate

per t ur bat i orfSudsrmies Mverq implerfeshwibpupncoutly withdI & caliohlastomasalls Ongp pelpehiel
proteins, |i{i I i Rl : i [WotaY

condi tions ot%ntgﬁghaé%f?ﬁ%gh&%gee 5, * ?‘%gr Qérllé/f/?gé\}sg)e@phlﬁgggg? rrvgl%q)Mc’
pur pose of tihEcE8R dsno lred. | Bt szeswae detbmhinet] svary hnee elapn Showst isrtke

roper ER haq LS, i he se of_intens ersi stent
ER Stress, tRESE MRt R vatble bR BT T i U P4 1 BEGen
deat h/ apopt ashol £ ®MC-ttchred erindaledn gayd2sur vi val regul ators of the
ESR i s glucose-regul ated protein 78 (ORP78/ MP), which has inportant
rol es j003p) ot ei IFigiedi2NBiows thad 65:@6¥BIYb, cklRcd:ah, 3R IDMICTedice lstieblafER4 841D
for degradation, 1n ER Ca2+-binding, and in controlling the .
activation cHYaknSelgrpmthard sorvivelof yarious ghigblastemy celldines s detmpined by

hand, CCAAT/ Lo Apchi i . i0ti .
0D 2008/ 11600 TRENAT 208! M, O lleln MY FRQARST ihd: 8RR doRbenRidR T P)

bortezomib (BZM), (B) celecoxib (CXB), or (C) 2,5-dimethyl-celecoxib (DMC). For

comparison purposes to the known anti-multiple myeloma effects of bortezomib, the
RPMI/8226 multiple myeloma cell line was included in (A).

[0032] Figure 13 shows that DMC and bortezomib induce indicators of ER stress. U251
glioblastoma cells were cultured for 24 hours in the presence of increasing
concentrations of (A) bortezomib (BZM) or (B) DMC. Total cell lysates were analyzed
by Western blot with specific antibodies to ubiquitin, GRP78, CHOP, and caspase 4.
Actin was used as a loading control. Pro-casp-4 denotes the inactive caspase 4

10



(CHOP/ CADD153) and caspase 4 are critical executioners of the
pro-apoptotic armof the ESR (8, 9). [0042]Figure 1 illustrates a
simplifieqy@yosghiged; ER stress response. In this figurepchRR2008/058323
to-bottom al i gnnent corresponds to the duration of stress (9). The
different signaling events are grouped left-to-right according to
whet her they have a pro-apoptotie (apoptosis) or anti-apoptotic
(survival) ePfogeaymsy whersaselpaved paw-4 isdndicaiiverafdhg aativated derm pitheiegaymee.
si gni fies theod MnlgafiddCyladsas) CRULRENERERIt NG AR bARZEMBEFer landl LAA R-by-
In an early phase of the stress response, translational attehuation
occurs to residet PMC-ireater edllsER (B}, iedieating that Itle amount phabigyitisgicariamuch
groups of ge IRL k0 I e g t aptation
Po ER streastonne eyl B G BHERed ot N RTE G LN SRS e
t he general taspass|datlodsavera tricanpeadifioback@und pandaividie bbservwedf(edmdzent with

proteins in the ER ER.chaperagnes are, first.indyced to refold them
Dha it thi s VESRRSERICH I s JUGAEEe) ce S th VR e uifh (et
conponent s ayRidubeshtiok{deafiows) SldicEinpaiRnidtelidathded proteins. To
renodel the ER, a variety of genes such as those of am no-acid

i mpor t foe@syt at hi PBerd1PIWWNEE! Sele@Rfb S BRIC QPMARED h OfhiBikiBn 3he Rell

induced. TO elicit immne response and antiapoptotiC effect, NFKB is
activated. Gieatthby botezomtifan@ilioblasiomaciel lERSs stere rsated madtht hagtesomibr G734),

of P ana S RTERTS, FPDIMCHERCLE kit LOPRHRE kAt

caspase- 12. thbeffpityof contiimid dveg isetmersitin iN22D and UaPb pdl siftsr 48lyortiepididg

on the bal ance, bet ween survival .signalin d.apapt.osi s s ling. .
£0043] Fi gur TSP f RAPSPRETYS AEUTSE TSN L (R EDOR AR Red coptiiation,
ER stress, |@wp Effedd. 18239 a6l waY etsedRith URRS 95 abdve e & 28 indi 48Ul 08l
descri bes nethqds, conpounds and conpositions which_are capabl e of

i nduci ng apoyitdiswisndaterpdned by frepapie srcdision agsa dhe asys $iwrg pyformeR

stress but aggn aidheiwkstpadhed FultdrY tepfeserkiiireRiT Mk fle SORBR URB iments.
"nudge" such cel Idg Wi tﬁﬂ? ow ER sltlress e;bovsvgl} ds ea sever ee%% st rg]ges%ments

condi ti on t h#ows igdhe numeergifgaaile aeglshadaneashafonditien ¢mpan 3§RY (€) SIB7TMG
survivable c 110 . i i |- of e

o ovi ded conanste i iol SRASS AP BleRa0F pf ds Atbichey Maa [ Morien: o
t hi s manner cllaleathf washdeyeramieidGiyt cellndepthnBiSBalshoyn as apaptpetced; poet;erlid),
whi ch al so mpin.zes the induction.of a tQsis in rinal cells that
typically eg({bn tﬂﬁﬁgec}eﬁls Wﬁ%ﬁ%?‘if%@% %§%é&%’f%§§gg‘§ ﬂugﬁﬁﬁp% #@ﬂ?eﬁ
no ER stressublid@s céllsphsiadert able BRspdwies solefy thiat HaBSnifdd WD Weeks thereafter

expressed in the cells at levels that are typicall reater .than two
times its odERIPREFERAtoN 3TeAYpathor®) i the Perqeatags gnean IS survising eslis from

of CHOP are {nfficabdthdpbiin&its. TR rubibb S RIARIRLRSA- frdip HEN Bfug HRRA cbitfols
use of conpounds and conpositions provided by this Inventron, the

| evel s of CH@P sat & 108 dadeB, the fhllemsing deugr doneenduationsowere aisesh lN22Re5 nM
protective c e nGh 419 f r | fa N
a conditi onq';(’) ﬁs%@%ﬁec%‘?r gggﬁ\/gng §’@5{lhil§lﬁéﬂsgﬁﬁgp%§gﬁ%§?§g "{Mnmb’
essence t he 746G dedMcBAND 66 ¢d/] CXRY, AS pM DMC. hedteripk dindieatésahatrihé differentR
stress and i.nduce .apoptqsis in _any type of. cell sinply serve as.
the- st 1w (THRToeR iaRgu e ffietts R pordbipalim Reng PR e el
of cells thaligtty sigrifie@ady<.001)l ow ER stress. This key feature of the
provi ded conpounds enables their ability to serve as well-tol erated

pot ent[ipaB4f her agsiire 9538604 thaf S¥leddxIPdHdaMCOdnheRRAiphdRANFioNMAO Sflicators of
pat hogenesis involves cells in a state of | ow ER stress that can

E
benefit fromR #feess prilaopopis by baperoruli 64 U8BICHNd €B) TI8Gpells wdre ouliuresh
exists in many fornms of cancer as well as several other diseases. ER
Stress Response and Cancer Therapy 1Q044] Al t hough the rel evance of ER
stress to tunor growth and survival has begun to be recognized, very




WO 2008/ 118991PCT/ US2008/ 058323 [ 0046] Anot her conpound that was found
to be a SERCA inhibitor is the anti- inflamuatory drug cel ecoxib

(Cel ebr eelwdhifghidosr an i nhi bitor of cycl ooxygenases-2 (P@@?ﬁsggosmss&s
(Dannenberg, AJ and Subbaranuai al a, K, Cancer Cell 2003:4: 431

However, |ong-termuse of COX-2 inhibitors has been linked to

potent i aI ly life- threatenégﬁbbardl ovascul ar risks, that resulted in

the wit hdr awnd thepreserse @f & ety (BEDese pM wlasrxibd8XBpr 35 kM DMC
Fit zgeral d, v P g ] 47

Mor eover, it g}%éng%ﬁ 1not%£?i?§tslcgld%ts &Eeﬁehﬁl oc gﬁrrl?cgibt%ir)re%g%éz%ge?n Wre
under | yi ng th@lmdlb&a‘ﬁwrné)&tmthtﬂpe@ﬁohn@@ﬁws tcp QIRPGEB.t GHOP( caspasks) (Caspd

enzynes. i b Sea S A8 bl CRBT e Re S R E AT EALE A A, s
(10). The f aiididatedt Ac:ah emxusbd las aaloamﬁ@eron@cﬁl Phe cdspite 2deapreitlid €ull-length

i nhi bitors known as ccodbs | eaves open the possibility that its
anti cancer atpgdive AERARC BECAIEYS) WHiEAR 158V SPAsEHIFPESENt S actigeiad farms

several recepts s, The R8GvIREFTTNIOL £ INIGE whi 8abARALY Rfth @¢ {808 dn

cells with various NSAIDs, including cel ecoxib, generated increased

level s of i nemtheay |thatappesHicallyireqogazes YNK thosphpevdaierbion Abt!SYTVIISA GF
the ER stres t

hint at the %glgg/?gcqalﬁty t %JSTNF%J& 3 Céléﬁggg&thn%%%lﬁ b ce targ%dt o{sﬁlléIll
t hrough the Eﬂ(@nrsspsesaasponse pat hway, the high level of NSAIDs
concentration (0.1 to > 1.0 mmolfL) needed to elicit this effect
makes $035] casuakigaennigc tshows hhagh kyodkpdowl atfi GRP78¢t enlaass cell killing by
concentrations,, .other, effects of I such as .CO,

[ kety. dor nSTIIHER rBe ohratn LA KONy SR GRSy Gendeugh i NA
i nduci ng apogiteefedsat VGRITSN(sBGRPPEY iAfsi oL bdrifrol, ]aﬁos‘iﬁﬂlﬁuﬂhﬁgreteald@%één fludrddcent
series of reports, . it was found that celecoxib can still exert potent

anti - prol i f ePtateiy B-GEE) Srep Vagsh bhbSeenbrmochaurs afteriganglsetions garghe Helegppures
appar ent i nvgluepBpl Qfth @%Zbc(rfe%mxygﬂé\}ﬁ)mmwléd Sith"\GEr 95’2@{1%@ LORs

suggest that cel ecoxib nmay have a sec ry target 1 ndepend
COX- 2 whi ch ((Bdilsot 35 apdpPhi. slnj paralled anstoetedusontrel balfureshesceimett mb ydmg

rechant s wegeigl WIIELBRAT bl CIG) BRI AI Uned s Il RE Bl wer

i nventi on have undertaken experi nmen 'S un
and have uneepeetdatidythd |fmcmeofemmtmag cblﬂEwﬁi)i@té}:mlmaneaﬂmyt foaning tagsimms

activity of celecoxib is in fact_ through the ER sfress. re

pat hvay. 17 RO GORPS Th gL bEsR e pesnies Stipenving celzabla g parm
that there extdbnypstwhesd thealundbeabP G SeLlinder heL AR ﬂaate@fboﬁ&hbﬁu vas set to
potent activity in inducing ER stress, both in vitro and in vivo (see

EXAMPLES f or IOQ/ﬁpEP? redyction o, cqlenyt mumbess Fnadmp-treated 1FIRRIY Sxrmefosted varsus
known to be ghl@elibd &ﬁmﬁgﬁcwcaisrﬁfssstmﬁ%q@%%ﬂﬁcm ﬁkooz) (B) In order

concentrations and trlgizjerl ng the expressio rosur vi val
GRP78 and t He Ysritafspe ctl@er@smqoﬁméicﬁs ofethp dransfedtsd SJtRHAe,f %enerroblot

celecoxib r d h d g}ll—(ﬁ:’

expressi on t%wp&%v%fr eI megﬁ???'le pr%%sejjtl Ve e% Tﬁjec (ﬁ%g from

turn acti vatsi@REZpastectedast]s troand wtthcthe Inespe@ivle dragsaipqpiailel. Both of these
blots were processed and developed simultaneously, and therefore can be directly

compared side-by-side. Although the down-regulation of GRP78 by its siRNA was not

100% effective, the levels of this protein nonetheless were consistently lowered in each

condition as compared to the matching control cells transfected with siGFP. Of note,
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Definitions 10050] As used herein, the phrase "ER stress” collectively
refers to the various physiological and pathol ogi cal conditions that

may i npai hygh@/igdesynthesis in the ER [0051] As used herfisRooshiks2s
term " SERCA" is an acronym for Sarcoplasnmic / Endoplasm ¢ Reticulum

Ca2+- ATPase, which is a small famly of highly conserved proteins

(i soforns), all whi ch functio al ci umtra,ns nmbrane punps _in
simlar mann@reral F&W@E]cﬁ%‘:eﬂg%tﬂ’nﬁég é?“rs? g‘iuﬁé"’et“’e Piad- s PXperament o epable the
cycl ooxygenaggection@df aRENHNANRE cBil BS41PBY AR ERGAREOXI dase 2

(pr ostagl andin G 1| synthase and cycl ooxygenase) [0053]As used

her ei n, ter FOR7 dheker ]9“]@(% h%;ilﬁ ) I

honol o ous tranglélrgl ption agtt%art, al so ca ﬁ@ gr&glle}tlgh g#é}%sgﬁgfg %Tﬁi\a“d
damage- i nducaﬂﬂp@sgieine/i\lﬁﬂ‘u@@bm@g)mlce)@&dq eaters with Hemedkg bottermnpb (BZRT)
"ER-stress a at REENL P ers to ent that ca .2 of
nduct g or -S4 e REDPRE RIS £F i ArilibaHE S iPRhed G ifly Rours
I ndirectly. Take thenmimilsitaetn s@hﬁswmcaﬂﬁeagmﬂfs arfalyaed bpaﬁﬁrlnmuhiatrobhemical
limted, andrra be sica n re. Exenpl ar

physi cal age r &%ﬁp @@ﬁ Giigatars or f%ﬁﬁ‘ﬁoépoatﬁas Snfiaton) 5 The
not linited {opes.ate. sh&?&&ﬁﬁbﬁﬁymé RN ea kit SIS aﬂmdiegcmdme GRdHM! Bhels
signal i ng nol ecul es, cytotoxic aﬁents toxi ns, or other netabolites,

but not Iim shew enlateed @rqarn (a)dwate by, thspwedlk restaselseli of thessagte sedons. The

cellular mc [ , t age. of

nutrients, ngéjﬁ)?irllﬂaﬁam l tress. %ﬁgéog/ %8@%&?@%&0‘%’3@8@&% are
[ 0055] As useidicatcdiby, arrdves. t(B) rhbe preowniagé of SfBYEL-positivep bellsnfas dhdigritad by
subst ance (drregg%h_

brown stain) was determined in ten randomly chosen microscopic fields from
each treatment group and is presented as mean +SD. Statistically significant differences
in the extent of tumor cell death between individual and combination drug treatments

are indicated in the chart.

[0037] Figure 18 shows the synergistic effect between Temozolomide (TMZ), the
standard of treatment for gliomas, and the non-coxib celecoxib analogue, 2,5-dimethyl-
celecoxib (DMC) that acts via aggravated ER Stress. The results show enhanced cell
killing of tumor-associated brain endothelial cells (TuBEC) that were treated with a
combination of TMZ (300 uM) and 20 uM DMC for 48 hours. After drug treatment the
cells were incubated for another 12 days in the absence of drug,in order to determine
their long-term survival; at that time cytotoxicity was evaluated using the trypan blue

exclusion technique. Results are presented as number of viable cells per group.

[0038] Figure 19 shows the relative ability of three related derivatives in accordance
with embodiments of the present invention to induce apoptosis in human glioblastoma

cells. The most potent compound was the 2,5-ditrifluoromethyl derivative (DTE3C)..
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where the parent nolecule is either i nacti ve or m ni mal activi ty.

[ 0056] As used herein, the term"synergy" or "synergistic effect”

refer to c{,wgoog/q{gghnatl ons where the resultant phar macelc@gissoo8bisssst
is greater than two tines the activity conpare with the activity of
the drugs used individually (i.e. the conbination is greater than the
sumof its parts). [0057]As used here| n, the nonencl ature al kyl,

al koxy, carbonyl, etc. is usel WI Ninder st ood by those of
skill in this art. [0058]As used in this speC|f| cation, alkyl groups
can i nd#0R9 st r abg et forthiindes summayhthe resencipyentionas lopsedreaihe amsxpected

containing u ),
straight or F%ﬁgﬁbg%éenp a%gnlgfﬁlg gg]gﬂrl%%pgsﬁ%gggg PRC ug?al,ﬁgn%l}? induce
not |imted smptasist My hocostahed witlpthesirhtegy efithe proyent mvsmtlnmt m’nbodimbms yf the

sec-butyl, tert-butyl..isq I pe t t

i sohexyl . AstB%eé‘g %? fiog. po\’\iey I&‘FE@HD 55 LOO %%r’%ﬂ’ﬂ W&P%sthﬁaﬂ’?{ﬁgy
from about 1Sgcifieblbyt ti: q;aésb@mSn%ﬂnézD bdiés & gewbenss ﬁUlch@ﬁétﬁeralbdﬁﬂl:
groups may be saturated or unsaturated. Further an al ky al s

be
SUbst | t Ut od SHEPOYRTSEATBbIE] GeBOBRAtERCTGPPABRE T RS TR (ESR) that induces
substi t uent Sap%ﬁiﬁﬁt(@éj] aéaﬂ‘%lﬁ b0 VEP ']}?Mﬁfeﬂaﬂ& Q{d %escelgén&:lr K¥lls. These
allyl, allenyl, - het erocycl e, aryl rOXK/I
am no, cyanocona;@endSt ﬂmamhdqlkwr irpvesias| vaselagsnssls, d@rhmmymntm oreover,

T AR e ESRUEI g o, A 008 o

contain up tIattl&Otoimett:e,romI dnﬁrsadmnustceedt araﬂy,erabd)dnaserbbscorﬂbmal wath 4dtandard
56, 7, 8 or teeroa}tom nts ltabl i@t tomancIHld

ni tf ogen, o Rl Tef ok csThRRn s el iR, oihe o Brapary methods
"cycl oal | cyldccordingrs s‘oﬁleaasMMf e presehd BYeltiof afd BighedY:s ttRAling Bancer as a
certain enbodi.nents of 3 to.10. carbon ato ot her enbodj nents of

n
3 to 6 car boiving G, netas asolgetiopof éberaa?ceﬁgp@nem&aemedd? B FANES- be
conposed of one ring or two or nore rings which may be joined

t oget hW04Ph a 1 Altwughhpotdgiernding toshs lrr@k@dﬁ ﬁ@cpe’acwlersffhmﬁ a brigfyliscussion of
2008/ 118991%%%%%&9@&9%@8 ﬁaekﬂéﬁﬁﬁl £8SprbAaeh RGLAR! B faci bé' a gleatnﬁrc%gfpﬂ:te
aromati ¢ nonocyclic or i C groups containi ng rom

car bon atorremdmtau@egwﬁhelsmtsgysqféhqIﬁrﬁteatmumtloar yl groups are aryl
radi cal s which may contain up to 10 heteroatons, in certain

enbodi ment sYlode¢l of ER3StyessRdsporseoat ons. An aryl group nmay al so be
optionally substituted one or nore tinmes, in certain enbodinments, 1
to 3 00041} i nes T\Metdfnda]ﬂa:anml regmdurp @R)astieasvesspodse Y(ESR) oamsﬁﬁobfi i semyf

be aIsofuse tp other ar l.oal k ri.n Sui t b[ea S
e uae. 1 oale patvas o Sin B SrBEe by iR Pt BRyns 4 mortipl HX
pyrroyl, thifeition, ¢k 'a%d:)ﬁnuldhbh@i@hﬁélde@?ﬁot&h& Nighd Qf@f}@b‘l}pl(ﬂ-%@% or

used in this speC|f|cat|on a . ring is defined as having up_to
atoms that rfl§oges n the ionic conditions o the ER lumen (see (5, 6) for reviews). The primary

purpose of the ESR is to alleviate stressful disturbance and restore proper ER
homeostasis; however, in the case of intense or persistent ER stress, these pathways will
trigger programmed cell death/apoptosis. One of the central pro-survival regulators of
the ESR is glucose-regulated protein 78 (GRP78/BiP), which has important roles in
protein folding and assembly, in targeting misfolded protein for degradation, in ER
Ca’*-binding, and in controlling the activation of trans-membrane ER stress sensors .

On the other hand, CCAAT/enhancer binding protein homologous transcription factor
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i ncl ude one or nore nitrogen, oxygen, sulfur or phosphorous atons,
provi ded that the ring can have one or nore substituents sel ected
fromthe gy@YssRP@s sting of hydrogen, al lyl, al kegylus:@kbayny!
aryl, heteroaryl, chloro, iodo, broino, fiuoro, hydroxy, alkoxy,

aryl oxy, earboxy, am no, al kyl am no, dial kyl am no, acyl am no,

car boxam do, oxo, thio, allcylthio, arylthio,_ acylthio

al kyl sul f onaf@ ﬁﬂ@aﬁ% ag éaSPb‘-ﬁd%HﬁﬁFlWal exqrationeen ek the pro-apoplotic arm of
phosphonanld@mEgpq8s | fonyl, and further provided that the ring may
al so contain one or rore fused rings, including carbocyclic,
het er o , ar ] rﬁ!ﬂ enyl
and al ynyp carﬁ%% @%5?%%&Q€$g% hE%%%P &Q%%%€§% IﬁQP%%WI ﬂ§?§ &%'
carbons, or ®-ottofbaligamisoin@rrespoddsatoethe tdnaitigihbf etresh ()0 cTieddiffddeltesigraling
car bon chalns of from2 to .20 carbons ertajn odi nent s, .
contain 1 to°8PtofI &OBBLeT-1orghf rpsc ‘?ﬂi}?@ngﬂ V@ﬁh‘ﬁ%ﬁg%hgﬂ% apPro2ppplotig
carbons, in @esptedis) o2 alpdpdpesticsurcial) affect bh@heﬁcedoqlhb@ceill@ﬁtdﬁe bdﬁdnwmé

car bon chai(r;ts of fro%lZ to 20 carbons, in certain enbodi
contain 1 tol'@e Figpi Blmﬂgwa%@l%% befwes 1ese SV bpes ﬁgmgaléf T ap garly

carbons, in gfEd 8f the QFLRALIRALES trasPtioRhIhttbmiaior okédrpkoereae&%e load of ER
][00631As used herein, "heteroaryl" refers to a monocyclic or

mul tieyclic Hiesirdn the npxtrldlase/sw@ gionpg eff geapnare ionstriptonadly imfucedfpniong-
to about 15 tglﬁrgpga:p?an%% E %ﬂgssoﬁe\mgg CSiS f%ﬂgsstqﬁaﬁg& gl%?etlns]Es 23853 fr{n%fthe

the atons in emlsah eroa

ot her than cgmmhtramdmﬂoudl a‘u@nﬂmmbn ndio ¢tdapei widd tHeaynfolded poedins mxihg BR, BR
sul fur. The heteroar rou i ona used to a henzen
o et or SHTONS b dr e o S8 RbibeSh aas 15 b5 Reedbes Goar ot R
but are not dssmdt@magfadaﬁw(;mwmoﬁq)bﬁémé are [ilydnl iféhicddl By ElimiBie ithe Elifoldtd
tetram yl, thienyl, pyridyl rrolyl, N-nmethyl pyrrol yI qui nol i nyl
and i soqui ndPiEis. Tooismereidhe, ﬁdar‘@ﬂ@wf gﬁheét%‘fs}bewmo pamgragid igipgrt,

nonocycl e o rglﬁt@&ﬁ&n‘e %Yd‘skrhﬁes"'so Bnd Bﬁﬁﬁﬁdncprﬁieﬂﬁonsé{% BB indRe®@N o %HH@ dhAand
of 3 to 10 menbers, in another embodi nent of 4 to 7 nenbers, in a

f ur t ggr enbJeIneBYst m’éfaﬂsﬂmpt%lcr?ﬁ?ﬁeNﬂB\gh eqtivatsde Qyr thewiher hinl, dlesevere BR
hat 15, an Srnent i di ok Chopdst TREIE ALY 40 U 1ANGT

ni trogen, oxydpetiomrof SUHORr and laCthhOlﬂIOIf'EG‘-ﬂlm Nmnmnalhkmhm (a]ﬂ\Hétkmdss)) and

is(are) nitrogen nltro t|on stitut al, k
i kenyl ol iegre-: e Pk PRD kP GyeS® sieiivRl or erREBRs giadeggAd on 1R bilnce
cycl oal kyI H&aﬁ@h@ﬁymayilgng@)aghﬁmiﬂopwlg@lsig\ﬁmm eterocycl yl al kyl, acyl,
guani dino, or the nitrogen may be quatem zed to forrn an ammni um

group [0ogsE the rmiietd fIMeRiS B8 ehrSSEARIRAs 3P FROAMSs, 1 EXRIBRA Y ss, low ER
Enbodi nent's of the Present Invention 1. Methods for inducing of

aggr avat i ng s§essed spyerERefresss TR nresentyipygpdion dpsspibessingthods, compounds and

compositions which are capable of inducing apoptosis in those cells that are in a state of

low level ER stress but are otherwise able to survive. The provided compounds
“nudge” such cells with low ER stress towards a severe ER stress condition that pivots
the signaling balance of the cell away from survivable conditions and towards
apoptosis. The ability of the provided compounds to simply aggravate ER stress allows
their use in this manner even if they exhibit only moderate pro-apoptotic potency, which

also minimizes the induction of apoptosis in normal cells that typically exist under
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[0065]In a first aspect, the present invention provides a nethod of

i nduci ng or aggravating stress in a cell's endoplasm c reticulum (ER)
to triggernygpapipsds. [0066] As set forth above, nethodscgaiesidioidd O
this aspect of the present invention are based on the discovery that
by inducing or aggravating ER for a sufficient intensity and
duration, the proapoptofjc effect of t el evat ed expression of CHOP
will overt ak%oqdﬁgmgf’g% iSFesse ErttYB‘FQ&P . SHegsEpn 610{1%838? $ Garpigssed

of a caspaseiySie hedSataBRRAHE: de MM HARRARE tho HHES BOYocu OB th hibfihl
the cell to apoptosis. It is also baSed on the discovery that there

exi st agent scalgpdilecthe fcomesponding &vely af {HCP e vt sigpicns d¢ inigatERpoptosis.

stress in a i | 1 Lda- }
othor non- ¢ af Bapi thefl thd it Bk Bhd SR pEied by Blnh BileR
i n accor danckevels bfi CHORSaraspeetsedfo bhads prffisiemtto ionereche dre pgroteetial dffects of
conprise the steps of .1). inhibjifli SE activi selectively i
Sl col 1wt bR RmHBE il i P Bl A8 pdon° S 56 e s the
expr essi on Omit{ae¥ of BpsAdsis. CR dssenoh ieSprovided) CorEpitiats) hth@that being able to
i nhibiting SERCA activity and el evating CHOP expression results in a

condi tion f apBiHER siress dndiinduse peApiests e tvsi &f ells: sHeplg serve as (e straw
2008/ 118991P, l&@ﬁ% J I 15t j

of ER st resstg\%-{ at (e%ﬁelé gﬁ?ﬁ%ﬁaggog)ﬂ%%@lggﬁ %%ggc iog@gi}is %Qﬁé‘é%dd%n
sui t abl e agelaw ERoimss. nThik dkegfeatare of the providgd reoimbpels agebies thefrabiliy ¢o
devel oped to_li.nhibij I: L S ref erabl

t he specifi CSEBH)} %)Sf {v%l}fgé l%%g%eg\%t% nghgslgtg%g?%? %%gﬁ%jg%sa %agr?e?]ﬁﬁfglluﬁn%%ﬁ se
activity or pathogeessist inolved eeliseinoh dtits tofintbweER [ $@si0}tan can (hendfar fr@d the

nbodi t, selecti i nhi.bjti RCA activity.i lished b
St ni stor | rBaueBel AatuBons taoeh ols oIRr SLRBHb EHES AR TRy BRI ofaegee 3
aggr avat i ng R¢ges seéapledthe ddkasel ectively inhibiting SERCA, directly

or indirectly, for a duration sufficient to el evate cytoplasn c

cal ci um congR®iFea¢ Redposisdatid CHadel Mheipgve nornal | evel so as to cause
apoptosis. In this enbodi nent, elevation of CHOP expression may be

co-ef f gpygp as %lﬁ%%@lll)ihe%le{/dﬁ%e BUBR A&k etk $E0VAR Sind QfvilBMhalBegun to be

specifically induced by a CHOP expression enhancer/inducer. Exenplary
CHOP expr esskengnisahaisoekittle adknown withyregards tedies notentisk explaitattorpfor purposes of

Pl asmi d- bas oluGPRRkEYC ioRlippRRARY] Ak el hE Bho BERR)Bhack in the BR

stress response pathway or compounds that may provide a basis for viable therapeutic

regimens.

[0045] For example, one potentially effective mode of triggering ER stress response is
the inhibition of the sarcoplasmic/endoplasmic reticulum Ca**-ATPase (SERCA), an
intracellular membrane bound enzyme which sequesters cytosolic Ca®* into its
intracellular ER storage compartment. Inhibition of SERCA leads to the release of Ca®*
into the cytoplasm and resulting in activation of severe ER siress, leading to apoptosis.
Although several inhibitors of SERCA have been described, none of these has an
acceptable therapeutic profile to be used as a proapoptotic agent for cancer therapy. For
instance, the most potent SERCA inhibitor, the natural product thapsigargin, is not
suitable as a therapeutic agent due to its high toxicity and its histamine-release ability.
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1.1 Enbodinents in which the ER-stress aggravating agent is a
conpound or a pharmaceutical conposition [0071] I n sone preferred

enbodi mentgg 240981996 St ress aggravating agent is a conpedRissosss32s
pharmaceuti cal conposition containing the conpound, wherein the

conmpound is one having the general fornula: and wherein: WO
2008/ 118991PCT/ US2008/ 058323 Rl is nethyl, fluoronethyl, _
di f1 uorl80délhy| , Anpthen spmpewrddy that gidey found | igoboa IFERCAdifhibiseroisl Fhey pnti-

trifluoroal k I . r. 0 X '
yar ogen 1 1 Tt I8 08L&y (CHARARY At is offinERIACHY Blclbelecitick 3
trifl uoronet OX-BI(KyhnenbérgpAdahk $hbbatiinfaiahp Ko Shkaet Cell 12003 :946 0l Hewdver,
ol yf | uor oal |, hydrox |, .ar,.carboxyal kyl : - 127 .ar .
P e pendent] 1Pnesrl tet S ki st Bt beem figkest To olibgBh it bissiepine
chloro, bromgardbhsRur rigkd(\hat rbduted o kikeyvithdthWAIUSY @8 dfid rofecoxib (Vioxx®)

trifluoroal kyl, polyfluoroal kyl, hydroxyal kyl, or carboxyal kyl, aryl
and het er oar &an;@D_anﬁ Fitzgeraldfapolonmmal of Cadiveascdar Ehaaﬁ@ca)){c@mféﬁ‘l; 50:‘%{70)-

G 1T uor omet hy ek 7P BE pepert Peicty Ml oy bRTRempiest BIQIFIH bdieying the

trifluoroal | egticanggolagtivitiesr ofaC QK2 inhjhdtorsxipakiks)l and cabdyIX§AIDscare through the
al kenyl , alk .. CYGI I e cyelic L, .ar. heteroaryl ;. and
R12 is hydr oé@%ﬁlﬁ%}c e? yﬁ%?fog%e,nasgl @}% %?Zdér%e(s)’al%‘@yﬁh, @ |a11y F%gﬁ%é‘]“k% ,Step i
trifluoroal | pyktaglandiy fdynibetal(k3)| , They dacoxia! deldcoxib ais o xeadbely lof the COX-2
am noacyl, am ngal kyl . cycl oal kyl , .heterocycli aryl.,..or_ heteroaryl.
00791 1 5 SontPeR ctibibitp Y Fastit it G Arues ien B POty el hy poccatice
[0073] I n ot hedtivity eiebe b iikea s et Binhf8%ionR3- - R12 are hydrogen, or
Rit, R5 and R7 are

[0047] In several recent studies, it has been noted that treatment of cultured cells with
various NSAIDs, including celecoxib, generated increased levels of intracellular
caleium ([Ca®];) with subsequent activation of the ER stress response (ref. 11 — 16).
Although these observations hint at the possibility that NSAID, as a class, may induce
apoptosis through the ER stress response pathway, the high level of NSAIDs
concentration (0.1 to > 1.0 mmol/Ll) needed to elicit this effect makes such casual
connection highly speculative. At these concentrations, other effects of NSAIDs such
as COX-2 inhibition will likely dominate, rendering them unlikely candidates as a tool

for inducing apoptosis with high specificity.

[0048] Surprisingly, in a series of reports, it was found that celecoxib can still exert
potent anti-proliferative and pro-apoptotic effects in the absence of any apparent
involvement of COX-2 (ref. 17 — 23). While these observations suggest that celecoxib
may have a secondary target independent of COX-2 which leads to apoptosis in the

cancerous cells, the underlying mechanism was not understood.

[0049] The inventors of the present invention have undertaken experiments to study this
unknown mechanism and have unexpectedly discovered that the COX-2 independent
antitumor activity of celecoxib is in fact through the ER stress response pathway.
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hydrogen. In one enbodinent, Rl is trifluoronethyl and R2, R4, Rs,
R7-R12 are all hydrogen. [0074]1n another preferred enbodi nent, the

aggravat i Rgo ag8Atsebss 4-[5-(2, 5- di met hyl phenyl) -3 - (tripllriRbRIBEsEY ) -
111-pyrazol- 1 -yl] benzenesul fonam de, 44542,5 -
di (trifluoronethypplienyl)-3 -(trifluoronethyl)-1
H pyrazol - 1-yl i benzenesul f onam de, '

4-
[ 5- (2, 5- di br BipspAvERYesstoprq thet theresrist imcfuralianglogyss.of seleqaxih yhich sehibit

ul fonam de, ghieALBVRY AYUREIREEROStdsO bl FPTino RN RIAS GOAEXANMIAY for
at | east one fluorine-containing functional group, such as a CF3

group, the psupporag csperpeuisdmndciain).eAlihoughiNFATRS are knowmgo ha dble testimgate
of their in yLv ti i {i sonance i magi ng. Fhi

can be a ver ERERBEH-EOPe A M Qe BRARRH, fnd EREOHRE ' RE-Hh pf By e
to nonitor dpmeavdal SRETSamdbihai prog@poeic. CHOP proteins, apparently, the effect of
o o000 e oS TBk Sed Mol HGpRgg At
al so i ncl udegydriReMe@ TR FiolRAYS efféct OMGRITSS WY intufe Gétivite@r caspase-4 and
indirectly inhibits SE and thus aggravating ER stress. In one

exenpl ary entremitiedthe eeHdo apppiosiPat i ng agent is a prodrug whi ch can be
converted into an active conpound able to inhibit SERCA via
met abol i sm BefiB#i9BY conversi on neans. For exanple, in those
enbodi nents where the aggravating agent is a reconbi nant nol ecule, a
trans| 0] on peps iused rhegeimethat phiesee FERo stagsb’bwolléntivelyerefers do the various

Lrans ocate A6l Sd TR ANE oo L0 B SV SHTRALR DR ROV et

conmpounds ¢ amn al =groups I '¢c’oxI ion,

pr ot eo i,c cleayage or. hydr SIS C ,, t.he provided .conpound int

an act WEIER ag %\%‘Eﬁ?n]&eréﬂ’e%%/ tﬁ"ﬁ’bs%‘%l et ?rﬁ FHpRYRy fo1, COPE‘SH“C 7
reCﬁglni ze t Pﬁﬁc}o‘pm@ﬁi& Redulan B> GATRAS, Whidhbuiﬁéa Bkl #sily) of hgg'éxm tetbeived
met hyl or al kyl  groups, ester groups, carbonate groups, am de _groups,
pepti des, orPrPWéf}Sr(lseg’é'F‘%a P{\Hg‘ﬂ’/%é"ﬁf‘&“ Befalcup itpRIMembraneE g jiwa singlar
in which a cgpliepati on of aggravating agent is used [0077] Methods in

accordance with sone enbodi nents of the present invention may further

i ncl udg@zft ep ofs 3RRI ¥ag e t@rgﬁi‘éb D2 RS ¢ eya@&@géﬁgéﬁ,r 836 known as

aggravati ng agent. Preferably i s additional ©ne nore ER-sStress
aggr avat i ng prggaglamsiin-endoperoxighse (@idstaglandin GyHrsysthaseradd cysigpuyeoiass)i sm
[0078] 1t is another unexpected discovery of the present invention

t hat wi#33§i f f er&enused herein, the term “CHOP” refers to CCAAT/enhancer binding protein

homologous transcription factor, also called growth arrest and DNA. damage-inducible
gene 153 (GADDI153)

[0054] As used herein, the phrase “ER-stress aggravating agent” refers to an agent that is
capable of inducing or aggravating a stress in ER, whether directly or indirectly. The
constitution of such an agent is not particularly limited, and may be chemical or
physical in nature. Exemplary physical agents may include temperature, radiation, and
sound, but not limited thereto. Exemplary chemical agents may include cellular
signaling molecules, cytotoxic agents, toxins, or other metabolites, but not limited
thereto In addition, specific conditions of the cellular microenvironment, such as

hypoxia, low pH, shortage of nutrients, may trigger ER stress.
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strategi es of aggravating ER-stress are used in conbination, a
synergistic effect may be achieved. [0079] For exanple, in one

enbodi mentyo YgHA1soye drug bortezom b (which induces apepiaghfshitzagh
i nhibition of proteasone 265) is used together with cel ecoxi b, the

| evel of ER-stress was el evated and the rate of apoptosis was

significantly incr eased (see Exanpl e 2) . [0080] Accordingly, it is
envi si ¢0RWPIt hat A sl hereie, the éssmo Predrpgioigiers torp sharmpcadngienl sybstaner (dug)

Tavl e 1y, Sesadhent ansRnsit STt yshirlagies of the present

apopto hr ough ty ravatd on) {0 aghieve a synergistic

ef f ect Td"ﬁ-’ﬁt]ndum ﬁfy ‘gf'f)%p egé;ﬁ qﬂig(%@l] F’ﬁl‘%%' Ol r ETES 8ﬁﬁfg’d%ﬁ%ﬁtt§ , de
fS |E ng[A ERE st rleaﬁblﬁ?%mﬁ;xﬂietmhﬂleatgﬁmﬁanmﬂmhh@ldggc effex eggfeuﬁf Yl%dllrmiobﬂlﬂléﬁﬁle
ehonss iy bsopn e 0l Sl aksebeb A5k e b o eion s
which is capgiggﬁrmgnth@gﬁﬁ@qtggm@?e concentration of msfol ded or
darmaged protein in the ER Exenplary agents suitable for use as the

second gﬁ%ﬁt r essA@Q@é@‘ﬁ%id‘Qh@%ﬂk §1ﬁ§1ugmmﬁy péa%&g? O {sileRids 0k

(e.g. bortezomib, or an analogue t ereof or a proteasé inhibitor
(e.g. nelfi nmraﬂyamd@aﬂ@d/b)rth0$6c1§"e§hqﬂrleﬂawrt ritonavir, indinavir, or
an anal ogue thereof). 1.4 Enbodi nents in which an apopt osi s enhancer
is usefd58082] | nAsosed ifi thig hmif&aﬂnmdblkghgmuprcahhmllmmmht-émmﬂl bratched

an apopt 051 < HANCAR L BAERR OIS ROHNEEROMG P 1 1o hPRRGR and ar

i nvention, adiragho et BfinShedn NBRGES ] arly allg) réupd therMP trichideShithee abf Baitedio,
ER-stress in rtﬁl ation to the induction of apoptosis. Preferably, an

apopt osi s enhgfidercthd, FropNeiSEEPPYr 19PEYb g} ‘étlyl a?jé'r'?!ltytl’hﬂ" fugyle Asomentel,

of upregul at ﬂeﬂgeﬂtfle 1eBRNES 8h® RoRdxyPHAR us AMRESR THRE JIBR r@f'épfoe&j}ﬂo\‘lechams
ef fect of ORP7 and activating a caspase such as caspase-4 and/ o

caspase- 7. Esexing) fony ahews gt @Fsabouie? lsarhes umigyabioncé aerbors. sTuilblefabieyl emps
or an inhi b' %F éjéau%g%r ﬁttrétg(f] thfhter régtal 5 S%%Eﬂtg?g{lﬁhﬁﬂed Nne or more

Addi tionally, apopt 0sI s enhancers may al s ¢ or natural
conpounds, itimésunh ong,or ndtre payborsi wikht wsﬁmentﬂd&ctddrfnnﬂ g grdubabndidtinglof the

activity of i,.- ap ot c .pr.pt ei theBlZf

aer 737 5. R AR et et biRg o atbaRi i iR amiBh o,

useful as arxbR- giid,etkoAggr fovayl, N@abgey)t carboxamido, phosphoryl, phosphonate,
phosphonamido, sulfonyl, alkylsulfonate, arylsulfonate, and sulfonamide. Additionally,

an alkyl group may contain up to 10 heteroatoms, in certain embodiments, 1, 2, 3, 4,
5,6, 7, 8 or 9 heteroatom substituents. Suitable heteroatoms include nitrogen, oxygen,

sulfur and phosphorous.

[0059] As used herein, "cycloalkyl" refers to a mono- or multicyclic ring system, in
certain embodiments of 3 to 10 carbon atoms, in other embodiments of 3 to 6 carbon
atoms. The ring systems of the cycloalky! group may be composed of one ring or two
or more rings which may be joined together in a fused, bridged or spiro-connected

fashion.
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[0083] I n a second aspect, the present invention provides a nethod for
screeni ng, selecting, or designing conpounds useful for inducing or
aggravat i Rgo kfgshigosss in a cell to trigger apoptosis iBcrhR20e8bdss2s

[ 0084] Enbodi ments according to this aspect of the present invention
have the general steps of: 1). Obtaining information about a test
compound: 2). ldentifying, the test 25 WO

2008/ 11891 pcT/ usgowy efeﬁdthgroalaB@trechmlep; alidayslicy geowps

e 1 e, ity S

the rel ease mﬁiCHISSY}aqzh mey comiain g t@ liﬂ émeterqag)nss; apeeriaint onbreimans, db@,ui or 4

the test co eob |nedma |ncI de I bitor . .
activity of ”ﬁ%ero " oundarytﬁﬁu% n}ax %,IB’I Rg%’“{(%? PR &t %%Bﬂﬁ%,ln
and hi st am neerafi &muﬁmsb LNith B oo ttdi% v@;ﬂfmoarph Ugroﬁﬁ@ﬂ@]oﬂ%ﬁgl&ylhglﬁﬁgsl alldol‘t
ER stress in a cel| can be termne t he presence o igh |l evels
of GRP78 thal®®h e&ls o fpsefdg ofher grvé F eyclfeqi%m ringh c SUHARE eabEmPRlude; fr
normal tissussmpl)HeaNE nbipithy1 b1y lﬁﬁaazbm deheiAT pRgbyRY thid9 Cpyrimidyl,
skilled in the art usi ng comon techni ques,” such as those descri bed
in the exanphisgolylggdelybewmpe of the test conpound may cone from any
common source known in the art, including comercial chem cal

vendor f06dheni cahs hsed rixatlii&as)egiﬁnaﬁroat adnpys dedintd msahayhigallp mrﬁ@mt@ns that may

nodi fi ed anal e | nhi bid or t are.not

Thereto. [odBSHonher BARM R Srism b Gpnoordizcadt abitel et
conpound is rﬁugcaﬂllfaeadg(e benaove sﬁlﬂstlﬂiehﬁl’s&?caed &l thaptoap chidstiag eﬁhyrfrogen,
obtaining i nfor vol v rform.ng assa cha cterl ze
the test corftl &H@ﬁ’cﬂﬂ}%f jﬁ‘?ﬁ?r%ga O’Ef’e)r‘%‘%’h%" 9, AYAFREY
art may be Lh‘ll@ﬁe h@wxzdba}eo amrﬁalalkgﬁaﬁycs IRl 8inbo; Q@%ﬁin@séﬂ)(ﬁammét
not limted thereto f er abl y, the assays chosen shoul d yield

quant i fi abl eyree @resthion aikylihie cirpthiascrthie, aélf&ﬂ%klfowgtarﬁl@\#%eﬁthosphoryl
phosphonate, phosphonamido, and sulfonyl, and further provided that the ring may also

contain one or more fused rings, including carbocyclic, heterocyclic, aryl or heteroaryl

rings.

[0062] As used herein, alkenyl and alkynyl carbon chains, if not specified, contain from 2
to 20 carbons, or 2 to 16 carbons, and are straight or branched. Alkenyl carbon chains
of from 2 to 20 carbons, in certain embodiments, contain 1 to 8 double bonds, and the
alkenyl carbon chains of 2 to 16 carbons, in certain embodiments, contain 1 to 5 double
bonds. Alkynyl carbon chains of from 2 to 20 carbons, in certain embodiments, contain
1 to 8 triple bonds, and the alkynyl carbon chains of 2 to 16 carbons, in certain

embodiments, contain 1 to 5 triple bonds.

[0063] As used herein, "heteroaryl" refers to a monocyclic or multicyclic aromatic ring
system, in certain embodimenfs, of about 5 to about 15 members where one or more, in
one embodiment 1 to 3, of the atoms in the ring system is a heteroatom, that is, an
element other than carbon, including but not limited to, nitrogen, oxygen or sulfur. The
heteroaryl group may be optionally fused to a benzene ring. Heteroaryl groups include,
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[ 0088] Because screeni ng of new conpounds is necessarily a
trial-and-error process and the steps of obtaining information,

i denti fyi Rgobdeg1RoeM si ng candi dat e conpounds from t he pi@gi2d9H339:4nds
are repeated for each test conmpound. [0089]In sonme preferred

enbodi nents, a Iarge nurrber of test conpounds are used and the steps

of obtaining, identi d re ating are performed in
hi gh-t hr oughb‘t‘ftar? BP “e ‘f elvh IRgErolding, Qﬁn@lﬁ‘%gﬁ%ﬁobdf thgpnyl,

screeni ng ar ew, see Wal ters
Ey ) UQB%WNC gi\%tlfygtgn@fytl dulif el 43%1 ah@?s%g&mB@d&'l

et al. : 259 he content of

whi ch c or po In € )
D005, 1 LR P RS HEA HefhE! fé]et%%’r 8‘{1 {e?é}g /7 monldy glic.or"ulteyelic non-arometio
cheni cal souriggesysteon de one embddimemrod 3rtu rﬂﬁe:nemlﬁers: dnpoaiinat snibadiecheefy to 7

Fur t her opt | FEDEety g AEEL Ho RAER A ot L BRI GOF BEAICES T

as an ER-stresbodagedigvabi3nel the aidins id\h¥ ring éihYS KReWBat61he 8 dniléthent
drug di scover?f‘ nmet hods, may, be advant a eous y adagt ed for this task.

Preferably, PPEaf@tpea: iatinding) by inet lupiled, e itreges, oxygeacensulfEyi &
on | i gand- baggehdihsifls daRtd the ﬁ@t@ro@ﬁ»?ﬂ(k)' %(ére)ehtﬁ‘)lgen @érﬁlﬁ'ﬁ‘%en[)fsugphonally

Di scovery Technol ogi es, Vol une 3, Sept ertber pp

155- 165( 11) , Subpuied nwetht alkyl, kel Sy rapldr dictegostnly edralkyly heteroaralkyl,
reference) r

structure- ac(%ylg&glt]k):}/7 Pltla égtfryg shEy(%(iio(ﬂ%%’%%}Irr?1 roc s}ﬂ%@&per? réfrlgléldl(nf)brorathe
revi ew on ad@pogeni oay hnduaternized e &rivoan mhmmmpugmhp ovhete the tshicticleotyi as
wi t h high- threelé%aput screening, see Davies et al., Curt Opin Chem

Bi ol . 2006 h3-51. Epub 2006 Jul 5, the content of which is

' f ds Usef ul
ER ot a5 Mr B lﬁlag e 0Bt KPR aspect . the pr osent

i nvention a co ounds tues gS!SIDaC&pSEEtstress at%r.avati ng
agent, havie e S ARRYa o trigger apodtosis

[0065] In a first aspect, the present invention provides a method of inducing or

aggravating stress in a cell’s endoplasmic reticulum (ER) to trigger apoptosis.

[0066] As set forth above, methods according to this aspect of the present invention are
based on the discovery that by inducing or aggravating ER for a sufficient intensity and
duration, the proapoptotic effect of the elevated expression of CHOP will overtake the
protective effect of GRP78, leading to activation of a caspase such as caspase 4 and/or
caspase 7, thereby, committing the cell to apoptosis. If is also based on the discovery
that there exist agents capable of specifically inducing or aggravating ER stress in a

selected cell without causing concomitant side-effects in other non-targeted cells,

[0067] Specifically, preferred embodiments in accordance with this aspect of the present
invention generally comprise the steps of 1). inhibiting SERCA activity selectively in
said cell without inhibiting COX-2 activity; and 2). elevating the expression of CHOP
in said cell, wherein, the combination of inhibiting SERCA activity and elevating

CHOP expression results in a condition favorable for initiation of apoptosis in the cell.
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wherein, RL is nethyl, fluoronmethyl, difluoromethyl, trifluoronethyl,
al kyl, fluoroal kyl, ditluoroallcyl, trifluoroalkyl, polyfluoroal kyl,
hydr oxyal kyé 208/1188 boxyal I cyl; 1(2 is hydrogen, fiuorgcralbekasss2s
brono; fluoromethyl, difluoronethyl, trifluoronethyl, alkyl,
quoroaIkyI di fluoroal kyl, trifluoroallcyl, polyfluoroalkyl,

hydr oxyal kyl , or carboxyalk |: WD 2008/ 118991PCT/ US2008/ 058323 - 1 7
are in dentl It isenvasionsd that segravaion op ERo#essstis thg ighibiting @f SBRAA can

fiuoro, chlo whh bt

trifluoroal k)a/ e\ggﬁﬂ?ﬁ a@r%uﬂﬁ%gla@rﬁ%r ox;}lg?i ??[ B%r car%‘l’élﬁ%‘f%‘%% gﬁ/
and het er oar §1¢V610pe@t0 inhibié SERGpanidaduce wpeptdsact ed from a group

consi sting of: hydrogen, fluoro, chloro, bronao; fiuoronethyl,

di f | uol@0a9ghyl , Pnefdrdhhy;rthempdscﬁmtya:bﬂ@b ,agéitlisrsoch iyt it dbek Inooikdthit CYIX-2

trifluoroalkyl, .pol fluo oal k droxyalkyl car boxyal kyl , al kenyl,
al kynyl , cyc%/%’g(ftg [ negeh ?{?&%‘fﬁgfcm 6 or heteroaryl; and R12 is

hydr og cetyl acyl al kyl, fluoroallc dlfluoroalk
Crif el kyl | I%/fﬂrﬁ%’fr%l ¢rabediment q rssleg é‘f%ylphlbﬁ’aflb@f(y ﬁ?&r’x activity s

am noacyl , aéﬂcﬂﬁghélﬁﬁlby sShRRHLE ¥l phaRBIRLRGNS i etid! #houn®'of an ER-stress
het er oar yI f0093] Preférred enbodi nents are conpounds wherein Rl is

trifluoromet #ggravaiipg hgenbedpeblepi s¢lestively inkibibisi » dlitectbyoerpodiragty, for a
wherein Rz, dshi&eft £ %]F&%és)ggféﬁfégnu% %%nx&?%?t%rﬁ sifificartfy above

and 1(7 are hydrogen, as we oun ereln
trifiuorometinrinal devdl £8,asRb, cddise aRFptody aIlndthJ’Is( embodimbnytd reteyetion of CHOP

392922%2? ; rp?gss(%ll; %gaye € %gl %%Qt%& agraere%& ?L{He agg\lzfa].\?al:cgci JD*JR:l's(tr%:sszflno(i'I rrlfgy be
specifically induced by a CHOP expression enhancer/inducer. Exemplary CHOP
expression enhancer/inducer may include transfection of plasmid-based constructs or

infection with viral expression constructs, but is not limited thereto.

1.1 Embodiments in which the ER-stress ageravating agent is a compound or a

pharmaceutical composition

- [0071] In some preferred embodiments, the ER-stress aggravating agent is a compound
or a pharmaceutical composition containing the compound, wherein the compound is

on¢ having the general formula:

R
4 Re
R3
= R8
R1 N\ N RT R
N— 9
0
¥/
Rio ,/3\ ~Ri2
Rt O H

and wherein:
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froma group consisting of: hydrogen, fluoro, ehloro, brono;
fluoronethyl, difluoronethyl, trifluoronethyl, alkyl, aryl,

het er oar ylwohéogQigad kyl , difluoroal kyl, trifluoroal kyl pcr/us2008/058323
pol yfl uoroal kyl , hydroxyal kyl, or carboxyal kyl. [0095] An exanpl e of

preferred enbodi nents are conpounds that are structural anal ogs of
445- (2, 5-di net hyl pheny1) -3-(trifl uoronethyl)-1H pyrazol - |
-yl ] benzeneful £o nlaﬁqhmlg Bepmgthyl, difluoromethyl, trifluoromethyl, alkyl, - fluoroalkyl,

415-(2,5-diftrif hffﬁaﬁaﬁ&gm{am&,%ogﬂubyam?n AELRY Ay e cRpb gl -

yl ] benzenesul f onam de ah

445- (2, 5- di Be derduyhregg )flwrg,t chldrb,ubromee tfhigtomethyl.- difinerouiethyl | tifvoreaatgl

Lf onam de. j 0096 f | gure, 19, t Xe ar ounds i
accordance with %1%‘21 glpgéﬂggl%ylt’ ?hd\?lé’%)[ | g%i g%%g@ﬁ%m&%?oﬁ%(?lgﬁg&#o S{kélﬂtor
cell killing effexboxyalkpiare to DMC. In the figure, DMC stands for

4-13- (2, 5-di,met hyl pheny1)-3-(tfifl yoronet hyO- 1H pyrazol - 1-
yli beﬁl zenes rdﬂéﬁ?g@eﬁ/@)@?@y&p&ﬁt&g %H}a grou consmhg}gl o%zhydrogen, fluoro, chloro,

415- (2, 5- di br onoplagidy hllo:dr, @lkyil,f iaReaR! Biflubroalkyl, trifluoroalkyl, pol alkyl,
111- pyrazol - 1-yl Thenzene}ési’t’Jl fgglam' de; "and DTFBCII(yst andgrof (l)qr’ fzg-ﬂ?%r,OS-ky
di trifl uoromet hyhyskesyplyl or carbexyrilph arrbemhicieraaylpyr azol - 1- yl Thenzenes

ul fonam de g8_ V\Oar%%h%i;%ﬁ]d% P08 L8 383:HAF UF r
preferred e%%o i'hent , e c n%%%gs aregprggrué an%é‘@ﬁﬁ%gf’%{“%g%bﬁ’é
converted in vi viome; afluéRmsthyks slithggorasthyli ngrifagemethiat alkpn Hoovroakkyl
SERCA i nhi bitor. ,.Iho in the art, will .recognjize such c ounds as
havi ng t he gener%{ﬁu%r? f’gul.%lf u&%ﬁmﬁ\?a”fygn’as’f’ ol ‘ém‘g?méﬁp ?y(%ﬁya@gWoxyalkyl,
L- CH2OCOR L- CONRilRnyl, alllyRylOey@ldatkyh heterocyclic, aryl, or heteroaryl; and
Rz is hydrogen, acetyl, acyl, alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl,
polyfluoroalkyl, hydroxyalkyl, carboxyalkyl; aminoacyl, aminoalkyl, cycloalkyl,
heterocyclic, aryl, or heteroaryl.

[0072] In some more preferred embodiments, R; is trifluoromethyl.

[0073] In other preferred embodiments, R, Rg--Rj2 are hydrogen, or R4, Rs and Ry are
hydrogen. In one embodiment, R; is trifluoromethyl and R R4 Rs R7-Rj, are all
hydrogen.

[06074] In another preferred embodiment, the aggravating agent is 4-[5-(2,5-
dimethylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide,  4-[5-(2,5-
di(trifluoromethyl)phenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide, 4-
[5-(2,5-dibromophenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl |benzenesulfonamide, or an

analogue thereof.

[0075] For compounds that contain at least one fluorine-containing functional group,
such as a CF3 group, the provided compounds can enable the monitoring and imaging
of their in vivo actions by using magnetic resonance imaging. This can be a very
valuable feature for difficult to treat and difficult to monitor diseases such as brain
cancer.

23



$1, { Il HL = linker (e.g. alkyl, alcoxy, PEG peptide, etc) a=
pepti de, bioconpatible polyner or nanomaterial possible in-vivo

cl eavage Rpdb BjogMfresei N at | east one group of Rl - R12 Ba$R2008/058323
side-chain selected fromthe |inker groups shown above.

Phar maceutical Conpositions Useful as an ER-stress Aggravating Agent
[00981In a fqurth aspect the present_ |nvent|on al so provides. a
phar maceut i €8 Lnghoginek L SPraerug

gggravating ER

stress in a cell to trigger apoptosis in the cel|. Enbodinents of the
presenf00%®lent i ofs gein |ab§aV¢,rré¢ (PRSenininFFRiion ralsosinglygesathass prybedjments in

and a phar m@ﬁféﬁ'eﬁﬂérl dire %ﬁﬂéé’ﬂ qﬂiéﬁftﬁgéERbROa%g]tﬁﬂya tdgl' tllr?aﬁnga@s%d In

ER-stress aggravati ng agent escr ove
f or mul at ed t ond exemplarntmbaliment] the aggrevatiof agdne 1mpmdmag iwhighecindrtcontented

preferred W) 2008/tlv%8991P %U§2308/ O@?gﬁg mbodi n t he tg -stress
aggravating LAY aptee Wé‘r’ﬁ? oY T 0thgr gpnversion
descri bed i nmt&s. fIFOStexaﬁlpEthaﬁh@%eemedlﬁleﬂt@aWH&@eﬂiE| fpatdvitisd abb® is a

salt thereof.
recombinant molecule, a translocation peptide may be attached to allow the agent to

translocate across the membrane. In other embodiments the provided compounds
contain functional groups that upon metabolic oxidation, proteolytic cleavage or
hydrolysis convert the provided compound into an active ER aggravating agent. Those
skilled in the art can recognize that such functional groups include but are not limited to
methyl or alkyl groups, ester groups, carbonate groups, amide groups, peptides, or their

cyclic or polymeric derivatives.

1.3 Embodiments in which a combination of aggravating agent is used

[0077] Methods in accordance with some embodiments of the present invention may
further include a step of applying an additional one or more ER-stress aggravating
agent. Preferably, this additional one or more ER-stress aggravating agent acts through

a different stress-inducing mechanism.

[0078] it is another unexpected discovery of the present invention that when different
strategies of aggravating ER-stress are used in combination, a synergistic effect may be

achieved.

[0079] For example, in one embodiment, when the drug bortezomib (which induces
apoptosis through inhibition of proteasome 26S) is used together with celecoxib, the
level of ER-stress was elevated and the rate of apoptosis was significantly increased

(see Example 2).

[0080] Accordingly, it is envisioned that any of the apoptosis induction strategies listed

in Table 1 may be advantageously combined with strategies of the present invention
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[ 00100] For the carrier, any commonly known carrier that is conpatible
wi th the chosen active ingredient may be suitably used. Preferably,

t he carri &yohgs@iy@osui tabl e for oral fornulation. 5 TheraReikhsss2s
Met hods [00101]In a fifth aspect, the present invention also provides
a method for treating a diseased condition in a patient by inducing
or aggravating ER stress in selecte | seased cells to trjgger .
apopt osi s i nUEh&qughon .of EBertess ﬁﬁ?kﬁgi g%ﬁfrgssmwamg to pchigye datypergistic
of the presepfect BVigfldiadopfokidde the general steps of administering
a pharmaceutically effective amount of a pharnaceutical conposition
accor di 0 theyf t : r ' 1L.on. de '

above. [G,Al\jr?)}i met hglcrilsé?) gr&ien ugﬁhlggglﬁ 62‘3995’%%5 %E{edg%#ag%gn%a%ggﬂr%ﬁ%e tocf)
enbodi nent s sddctively ithibiting SER CArastivigspitisdut pthitiitieg QOXs2 ot triggergthisgamine

may be suital adapt ed f.or {reatment t hods of the present .

Mventi on. - LG ERp Comaied T HES ERBTRGRS SeRa P Bl T Hi e comaple of
in a state oinclehtisd tRs@npentation of misfolded bir @inhaped Phottihen RRAERB CRMehriplay
conposition. [00104] The net hod of treatnent described herein is a
general net EOHhstable fop gse Ganhe seepnd) PRrtrstmaapevaliog 26u¢ Hpbordide #
the pat hogenggicasdnRCinHbfor{cSd, BOHEAIE broh ARPRECHRDS 0Pa pRIMAE BikiHifg
mechani sm I'n preferred enbodi ments, cancer isS the preferred di sease
for the tr eatergeneliingtinagsaneyintfasamprenguinritprayenindpavir.or enphadegpe dhanend). s
that may be applicable include glioblastoma nultiforne, breast

carci nona, SGANEHLS Al WEICAGIEPOIBOSIK 1t Isersphioma, nul tiple

nmyel oma, neurobl ast oma, prostate cancer, colorectal cancer,

met ast 082} br eadh soma derther embodimienty of drecresentimslerdioagthe &R-stteansggravating

cancer, but are n Lin. r.eto. [00105] Anot her . enbodi pent ,,of. the
o aconce | nvike R bk AES o] M5 Sepl ik ROLSOBRA R H IR Mo o S
i nhi bi ting icovest ofithe pesentl ingaries |, apapidsisBghange e shsthal Mnplifies the effect
chenor esi sta(g tunor,cell.s, the.tunor vascul atulge i% not responsive

to many ther ;_Féhftr%s in relation to the induction of apoptosis. Preferably, an apoptdsis enhancer

is a chemical or biological agent that is capable of upregulating the expression of

CHOP, overcoming the protective effect of GRP78, and activating a caspase such as
caspase-4 and/or caspase-7. Exemplary apoptosis enhancer may include a siRNA for
GRP78 or an inhibitor of GRP78 function, but not limited thereto. Additionally,
apoptosis enhancers may also be synthetic or natural compounds, including, but not
limited to, BH3-mimetics that block the activity of anti-apoptotic proteins of the Bcl-2
family, such as ABT-737.

2. Method for Screening, Selecting, or Designing Compounds useful as an ER-stress
Agoravating Agent '

[0083] In a second aspect, the present invention provides a method for screening,
selecting, or designing compounds useful for inducing or aggravating ER stress in a cell

to trigger apoptosis in the cell.

[0084] Embodiments according to this aspect of the présent invention have the general

steps of: 1). Obtaining information about a test compound; 2). Identifying the test
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WO 2008/ 118991PCT/ US2008/ 058323 drugs, including Tenozol om de (TMZ),
t he agent nobst commonly used for glioblastoma nultiforme (GBM

t herapy. @ 2008iT00vascul ature provides the nutrients, pexX9asis/assie! |
as the environnent for tunor growth. Therefore agents that destroy
these cells would be very useful in treating the residual or

recurring tunors. [00106]1In ?M:Br anot her,_enbodi nent the present
i nvention preRmResEd 83 apekwipl EBrsticpreagentif thefesh gorgpoung ds %@Phﬁé@erftSF@CA

rim of  cancekgy islidy ah itk e AOKIVC ProRrBly, AROREATA fhiBofeld AL 65 not
response nodul ation alone or in conbination with conven |ona

chenot her apytrighty thepsleasec of hrstagnmet hils thm@bmnlmm stcp,ninﬁamamm ebad thertest
the treatnen i ncers h do not
respond wel I&{ng gﬁ%ﬁ(&% Zolrbaa¥rleg ml}'chn%élgeg#ﬁl (%f orf'waryrarlﬁ tl f%trtrl%% C{”@BR})md
Many cancer sC®ix-2 miublgrrpvuctxhqr iof iho @ompopd] wind \Wieaoging release ngtisiite of ethe
is the develgﬁprrent of a necrotic center. The cancer cells at the
"necrotic rifAmReEEd-syal | y qui escent cells, exposed to an adverse

m croepvi ronnment_of | ow ox%/genatl on, low pH and | ow gl ucos

conseq9$5E of tThesevidenesof BR stgss nghprihean bodalernyingd &y ﬁls\péesanﬁ efrhigh
llevel of ESReyel® of GRPY8 thit dcbhSatNewdd bRaRP Wah A0ARNhe AR £ 3 AGGAL

| evel of GRP78 is expressed to survive. These perinecrotic cancer

cel | s are esisessal The lavelssafaGRPT% cen batdetermingd byhbnsst sidliedpin e art using
radiation th t YR roliferating
cells. [0010 Qynte%%@gf s?‘%v%ﬁﬁ%rﬁé%bgglgtﬁ%’%ﬁ“@%enefi ts for the
treatnﬁ@? f brain tu s, that are.not g ﬁ e Wwth conventi onal
chenot ggy THEYSF ebFegﬁ QIPRER] TAY cZME AT Frnyg%%rérpgﬂ FRAFGFoEnovm, in the
a';] t hehbl 00Chrt, Ufﬁh[udﬁngt Etjbfrﬁhiﬁﬁcwblalstdhéﬂucbllp&%dd&(&sf rcﬁemii:ﬁpelﬂﬁalﬁs generated by
chenot her apy t reov iti
chenot her apf“F&ﬁ“{j‘@{ F%P’B’TX/ oﬁr%?qllt&@'%ﬁ qggesc éﬁ#@A ippigjtors, but are
however, is Qgliphedaressys in nature. Pathologically, GBMis
characterized by a necrotic center, a perinecrotic rim and an
i nvadi scul gfi i
Ak HAYRSCU! S8 E B 6f Do RBCAERER! 4 o LMSRR REFA et
speci rrens [ rknanobt aghaywise ( Bradlpblg) theetstelp, oth@mnRemfmﬂtpn oray anOIVG
920-7). a th

g}gpr Oﬁlﬂg ga?g tg aﬁ%ﬂeﬂ?ett f«Lstt Ec{?iﬁ@l d e gs%tch es, rP%lrassays

vascul ari ze umnor ceI ace o nor
brai n and t wommdniy Rtewn hmheoa]t nmagthe mslae, mmlhdmga:ﬂnbmmal hSSaysnaﬂdh&H-based

erinecrotic rim n tunpr.u oless ol
Pemal n dor nﬁ'ﬁ?ays Eﬁ?{h 'Frﬁ‘é’ F)%’ngﬁgg'apl 55ay8 cly él!é"[“g{iy‘e aniible
2008/ 1189919@;'511%@5@98&95@3@3'(@5@tégﬁeoraﬁ@jnu; erating tunor cells are

killed by chenotherapy or radiation, the dormant glioblastoma cells

in theppss] necr Hebsisé @&&rﬁ?@éﬂe@c&ﬂ&%&”ﬁg NSRSy 288 And- &?&%ﬁ&ée@gand
t he process. This nechani sm of dormant cell activation is very

sinilar to thestersméepiriniie infoxmstion: slwnifyingihepromisimgraadidate somppurids front
has trees of th/@Ldh | ﬂ%‘s%tre%éa%edtf&ee&ﬁlkésg&mﬁtoﬁfﬁs (simlar to the

wel | vascul arl ze nor regl are cu en the | ower |evel

| a h
now 1 J9BBTE e 1t BREPIED SBlhiotnls" G BnbSloalit ol Re iR
recurs, Wit hhd Etepsealsaﬂamﬁgaﬁlleﬂifyinlgl and hepentidgrame pbiféined il kehigh-throughput

gl ioblasto cells in the p otic zone have heen previously
Shar act er | 7oAk Ugnal FFiopBlcs ?ﬁl@é&@&%@&&@%@%}l@& P el lﬁwwegwesaét

to the | ow QpyYa98cdnERSieH) sbd Walless 202 SRAL beF‘DE—JEDFk@M 79063 (Atpk 0(45296.66,
and angi ogenesis factors. The perlnecrotlc cells proliferate

si gni fi cant Ithe qoatest efjwhielisiiorposgpdherein by gefarencdhan the gl i obI ast oma
cells in the well vascul arized peri phery. Moreover, these tunor cells
di splay increased mgration, and i ncpgased secretion of specific
enzynes associated with cell invasion (Brat DJ, et al., Cancer Res




i nduced by 2,5-di nmethyl-cel ecoxib (DMC), a non-coxi b anal og of

cel ecoxib Materials and Methods Materials [00109] Cel ecoxi bi s445-

(4- met hyl gh@Rowdh1s8er (fri fluoronethyl)-1H pyrazol - 1- PCT/US2008/058323

yl Thenzenesul fonam de (24). DMC is a close structural anal ogue, where
the 5-aryl noi ety has been altered by replacing 4-nethyl phenyl wth

25d|n§é%\ilphen , resultlngln

445- (21 met hyp#fdifion tozscreening %%ﬁhﬁﬂlyd BPUISES: QaeA a sufficient number of
yl'] benzenesuld oRamhdea(e Geenl 9 BoyNg y [

our | aboratory = WO 2088/ 11%991PCT -lgdsj& aéi?g?dlgﬁna 3 Fn%Q b be
previously pemplogédeie @ﬂb@eﬁnﬁﬂm@@ C(rgeeerateﬁlcwmdldate cahppods bnahh‘t foetise as

19 for DMO) u v at 100 ] t.ock..

sol uti ony ) FAr EE s el Rl R0 A8 LBy vt Yoo iR Siseprery
of Bextra (anetzheds nh@\NbN@fdhﬁnt&@ébuﬂjﬂ&dh@t@dé)fgn( 1731 Ctkséc WBrgiéfablys digand-based
Station, ective re suspended i n to di sintegr

t he exci p| en ethﬁﬁ% glﬁ%arﬁﬁél‘\/e( QfﬁgP@m ﬁ’lewv&i’shgd'flggﬁﬂeggﬁlg ‘?? ‘@Rﬁ%"%mﬁﬁn
nol /L. I n agdill iCRfrentrug SBidcdPByETdcRR 6, 'V oRANEIS NS 3088ptember 2006 |

synt hesi zed in our |aboratory according to established procedures
(27) ATt reRilPPdAdil g coatepicateviyieh ie eormarateddieran Byreeferance) Loui s,

in powdered formand di ssolved in DMSO at 100 nmol / L.
Th apsi I n andnRapEemaiiewnbodimsht ai qvenlltﬁmw@p@macamy dilatokhip QBAR)
DVSO. Al | { / m i,n nanner ..
that kept théi}q@l K35 ?’3%%%%% &, %ﬁ’eg‘f%‘l ‘?@lﬁeﬂ&#ﬁ ottty bt ERparional
and Cul t ur e fethdddlogiesswitldBighdhivbgiputsekdeningnes Dagice enﬂr, ﬂuﬁﬁdpiﬁ ChemtBiel.

Anerican Typ tL Col,| £ctign sas, YA) and. were propagat.ed
A Dvertor ” Feoe Agst Pt Bt bnEs BRsontist pEPBiG T Reffoorered Bakrein
suppl ement edbyniefeient®) f et al bovi ne serum 100 units/nL penicillin,
and 0.1 ng/nL streptonycin in a humdified incubator at 37C and a 5%

CO2 at mosphg Gempbigdsdieah hast BREweR|Aophdvagte Ngdt and LN229 were
provi ded by Frank B. Furnari and Webster K Cavenee (Ludwi g Institute

of Can 2Researigh, thir@ ashRbd, the préddbnt Ih%h‘tiﬂﬁ’ Qis@ ipfovade c&%bﬁﬁg 'u%ﬂ as an ER
[00111] Total cell |ysates were prepared sis of cells with

radi oi munopitéss qeeraatingresnis baving the g¢ne(aQ§)rmu ad protein
concentrations were deternined using the bicinchoninic acid protein
assay reagent (Pierce, Rockford, IL). P Vgstern bl ot anal ysis, 50
Ag of each sanple were processed as pedl (29). The prinmary

anti bodi es were purchased from Cel | ng Technol ogi es (Beverly,
MA), Cayman Chem cal (Ann Arbor, M Ra Cruz Bi ot echnol ogy,
Inc. (Santa Cruz, CA) and used acg®: t o the manufacturer's
reconmendat i ons. The secondar Riarii ere coupl ed to horseradi sh
per oxi dase and detected by chem | UMT

D

—‘—o-

eFENet °usi ng the Super Si gnal
West substrate from Pierce. Al immunof \;;Qre repeated at | east
once to confirmthe results. S _Ri2

Ry O \ﬁ
wherein,
Ry is methyl, fluoromethyl, difluvoromethyl, trifluoromethyl, alkyl, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl;
R, is hydrogen, fluoro, chloro, bromo; fluoromethyl, difluoromethyl, triflucromethyl,
alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or

carboxyalkyl;
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WO 2008/ 118991PCT/ TJS2008/ 058323 | mmunohi st ochem stry
[ 00112] I mmunohi st ochem cal anal ysis of protein expression in tunor

ti ssues wagoaaea1bt h the use of the Vectastain avidi npgiraishéhsoss® ex
nmet hod kit (Vector Laboratories, Burlingame, CA) according to the

manuf acturer's instructions. This procedure uses biotinylated

secondary anti hodi es and .a preforned avidin: biotinylated enzyne
conpl ex ! hate ﬁﬁfv e Bl legred rom HSBBCPRFIEBRS i dFagemljioro, chloro,

t echni que. As t hgroRiol Sy, AL DA Foallq, Hﬁﬁﬂrcﬁﬂ&l,‘%oﬁl‘ﬁ 1, %ﬁbﬂu&%@lﬁrﬁ

Cruz Biotechnology) diluted 1:100 in 2% nonnal "goat bl ocki ng "serum
Apopt osi s Measur 3lkyh @1 93 ogyalsy a1v4 andhbeterpasyls sect i ons was

q Ci . \ " . :
[ ansf or ase ear FEq SETLeREL S TorBh et oRiAhRRE JHARRHD MR LA,
conponents for thiomopr Suedmethylhe rdifldoronethjle Apbpiagethyl, satkkyl, Afloptoakkiyk
Det ect i Ki t ] T I CA ' d di t
he. manuf act ur ero 0P aRYy c FRTRCA koL by < PYReRe iy Prifaativh
vitro was det er nilkegl,alkyugl o@ldallel, Getekockeiad, AryDet Batioayl;Bhil SA Ki t
(Roche Di aggost.i o | ndi anapaql i s, ccordi ng to,él he manufacturer's

) I
i nstructiond2 i i‘y‘ilrﬁgﬁﬁ’noﬁ y &gbcidtkybalfupraged c idiflyomeallpyls ¢ teiffworoalkyl,
region (H1, H2A, pdlﬂ%ﬁ)all@:f,’ hy@Pskydlkdl) cRboXPNSRUELRORIMBmidAtkyl, cyeloalkyl,

ol i gonucl eosones t are rel eased during apoptosis.’ N nety-siX-wel
pl ates were seede&rogyehc, ardow hesraasylper wel | and read at 405 rimin a

M crop Aut or : I.Q-Teky,l nst. nt :

e, - WSBLLE" O\FiPRE pBinclns arcmbauldl el v FHIHPBREL whilg ot
af t er nansf gotfeond vimibodimantd aren ttempeurnidn gwhiin (Rj, RRIA)and t Re are hydropey er
seeded into six-well plat t 2 cell er well.  Alter c lete .
cel | adher en%oén,pof’ﬂ‘% ‘glgelr‘?lg ﬁeﬁ% a&&%&&’&d@a"%& o) vf‘illeaétcﬁﬁ‘ﬁl?f’“’?dg%éenk& 15
Thereafter, #ifl@odméthylyasd RgFYREY R, a6l Rga@Wyhrogsi um was added, and
the cells were kept in culture undisturbed for 12 to 14 days, during

whi ch q)(m the sothMi Mleftore§ @nbodsRAW S c%nﬁo@ﬁrﬁl@%vhe% R; and R¢ are selected
2008/ 118991PCT1US20081058323
from a group consisting of:  hydrogen, fluoro, chloro, bromo; fluoromethyl,
difluoromethyl, trifluoromethyl, alkyl, aryl, heteroaryl, fluoroalkyl, difluoroalkyl,

trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl.

[0095] An example of preferred embodiments are compounds that are structural analogs
of 4-[5-(2,5-dimethylphenyl)-3-(irifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide
such as: 4-[5-(2,5-di(trifluoromethy)phenyl)-3-(trifluoromethyl)- 1 H-pyrazol-1-
yl]benzenesulfonamide and 4-[5-(2,5-dibromophenyl)-3-(trifluoromethyl)-1H-pyrazol-

1-yl]benzenesulfonamide.

[0096] Referring to Figure 19, two exemplary compounds in accordance with the present
invention have shown surprisingly potent cell killing effect compare to DMC. In the
figure, DMC stands for 4-[5-(2,5-dimethylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide; DB1C stands for 4-[5-(2,5-dibromophenyl)-3-(trifluoromethyl)-
1H-pyrazol-1-yllbenzenesulfonamide; and DTF3C  stands for  4-[5-(2,5-
ditrifluoromethylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide.
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of proliferating cells. Colonies were visualized by staining for 4 h
wi th 1% nmet hyl ene blue (in nmethanol) and then counted. Transfections

w th Si RNAvh96sAmbéel | s were transfected in six-well plpatrasovsbissine
use of Li pof ectAM NE 2000 (Invitrogen, Carlsbad, CA) according to the

manuf acturer's instructions. The different si RNAs were synthesi zed at
the m em cal c re | bora of the University of Southern
Cal i foﬁW%ﬁK Nofpiberprefeess mgﬁfikn]@w@e@m@@w%% Brodrugrrpmpeungs that can
S€QUences pe converted in vivo to an ER-stress ting agent that can ac SERCA
wer easf ol | ows: si RNAt arlgevtwedat ar een?truoraggg‘éant grog[ el n83| Sas 3

CAAGCUGACCCUBNARIOLC Fipsg'in (the ag eyillaredolize GRAGR

(anti sense); ' structure:

At least one group
1- Rz

L-COOR'
L-CH,OCOR

L-CONR'R"

L = linker (e.g. alkyl, alcoxy, PEG,peptide, etc)

= peptide, biocompatible polymer or
nanomaterial

+ possible in-vivo cleavage point

wherein at least one group of R; — Ry, has a side-chain selected from the linker groups

shown above.

4. Pharmaceutical Compositions Useful as an ER-stress Aggravating Agent

[0098] In a fourth aspect, the present invention also provides a pharmaceutical
composition useful for inducing or aggravating ER stress in a cell to trigger apoptosis in
the cell. Embodiments of the present invention generally include an ER-stress

aggravating agent, and a pharmaceutically acceptable carrier.

[0099] Any chemical-based ER-stress aggravating agent described above may be suitably

formulated to facilitate administration of the active ingredient. In a preferred
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si - GRP78, 5'- GGAGCGCAUUGAUACUAGATT-3' (sense) and 5'-
UCUAGUAUCAAUGCGCUCCTT- 3" (anti sense); and si-caspase-4, 5' -
AACUCCCCUR Y 6efdsMgosAUTT- 3" (sense) and 5' - PCT/US2008/058323

embodiment, the ER-stress aggravating agent is a compound having the general formula

also described in the first aspect above, or a pharmaceutically stable salt thereof.

[00100] For the carrier, any commonly known carrier that is compatible with the chosen

active ingredient may be suitably used. Preferably, the carrier is one suitable for oral

formulation.

5. Therapeutic Methods

[00101] In a fifth aspect, the present invention also provides a method for treating a
diseased condition in a patient by inducing or aggravating ER stress in selected diseased

cells to trigger apoptosis in the cells.

[00102] Embodiments according to this aspect of the present invention include the general
steps of administering a pharmaceutically effective amount of a pharmaceutical
composition according to the fourth aspect of the present invention described above.
Any methods for inducing or aggravating ER stress according to embodiments set forth
in the first aspect of the present invention may be suitably adapted for treatment

methods of the present invention.

[00103] In a preferred embodiment, the diseased cells are in a state of ER stress prior to

administration of the pharmaceutical composition.

[00104] The method of treatment described herein is a general method that is applicable to
all forms of diseases whether in the pathogenesis include disregulation of apoptosis as a
contributing mechanism. In preferred embodiments, cancer is the preferred disease for
the treatment methods of the present invention. Exemplary cancers that may be
applicable include glioblastoma multiforme, breast carcinoma, pancreatic carcinoma,
Burkitt’s lymphoma, multiple myeloma, neuroblastoma, prostate cancer, colorectal
cancer, metastatic breast cancer, recurring cancer, and drug-resistant cancer, but are not

limited thereto.

[00105] Another embodiment of the presence invention involves the treatment of
chemoresistant tumors by inhibiting invasion, vasculogenesis, and angiogenesis. In

chemoresistant tumor cells, the tumor vasculature is not responsive to many therapeutic
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AAAUGACUGUGAAGAGGCCACTT- 3" (antisense). Cytoplasm c Cal ci um | magi ng
[00117] The cells were | oaded by incubating themw th 4 Anmon Fura-2/ AM

(I'nvitrogeynd 2do9h18384 M N at room tenperature in externalpcgRlsbdobo83323
containing 138 mol/L NaCl, 5.6 rmmol /L KC1, 1.2 nmol/L Mgd 2, 2.6

mmol /L Cad 2, 10 mmol /L HEPES, and 4 mmol /L gl ucose (pH 7.4). After

| oadi ng, the,cells e rinsed angd t ferred to the i mgi ng setup,
The cells vveii’é‘gf’ré%‘{l\e & ?ﬁnqzﬁmgﬁuéﬁ?@’ als £8Fnt1B08t RRERaR% used " for

f I uor eSCenCegﬂ\?&asﬁiﬂlﬁnhﬁi%ﬂﬂet(GBfl&:IDﬁh&%ﬁ}.tﬂE o NG R (o B ds Shd Rt ids,
bet ween 350 and 380 mm, using a Polychromator V (TILL Photonics

Curi bH, G af ex¥gengs G #pethy envisonpreay fordunpr grovilat iIharefire agentethet destroy
Axi overt 1004.C i i I il Jo i (Carl

Zei ss, Jena, mggeer%g%Wmlbﬁéﬁs&a@?gﬁgg%%ﬁgaégﬁg rg&%ﬁgﬁ%ﬁéﬁsuB CCD
caner a onmet{ics, Tucson, AZ ntrolled wt.h MetaFEl uor f r
(ol e G081 TP o 56t anbHe? Aibodient Y pRcrfomifolich Sy i 'F mdfi 5 e
Ratios of thredtwages tlejetinewestiotm 350anzad, idGdlvin tieiidictibh 6NapsPtosis WEEER
to show changes in the cyt ?I asm c cal cium concenptrati on%?ccord' ng
to the pri ncgﬁ%?sa‘&?%l"?j%i@g‘ 18y 2lgng 10k itk GpRYingiongyvith syventignal chemotherapy.
2008/ 118991%&?&%&6@%%@%&%ﬂ5&%8&ﬁ{p@% Nl ehdVreaml-R0 d4 8heeidlly

to 6-week-old nmale athym ¢ nu/nu mce were obtained from Harl an

(1 ndi anapol i $iffiquiito-disat Gapgsrathatede npt sespagd; welbiogharpethesspy, gnghaisigligklasiema
cells as de i i ai S Fin b t ' i
Curorar ow e dars [P0 MY RREGE SPSherdiy il BIAR, L hal B
or rof ecoxi bconsesjuenceds thei detelopracrd aif layneclotiovednt 0 Thg/cucef ocllsRivite “4Bcrotic
ng/ kg for rofegoxib nd .t umor _gr owt h noni.t or ed .and recorded. as
Gosori bed (33 Hbial s, oo dated Ty BF Rt BREiRReR B
(CjZHOD expr efssd)qg?lﬁilﬁdn,tluquH, aed lowd ghicbsel ms/?dﬂ@equ&&e\éwhﬁis tesbRl edvi@nment,
eterm nation of dr concentrat i in sha . a unpr tissue, .
hunor bear i ngtﬂ%ﬁ‘?i ?fﬂFlsL%\‘A%ta g]?é%‘feirﬁ?\%m ?8 tﬁgﬁe nlglﬁ,s Lh@%i@@v‘ﬁ‘ﬂ%@d’flgh
drug per dayefisthnd2edtl of BRP78M SBress LRI MBFve) MEhR@ bl riRErotiB @aldt bdlls are
dose of the respective dru everéblz h via direct adm nistration into

the stomach StPeally resistand|te dreatareabby ehemathenpyr @ aadiptipniberare ipdpheically
and Sons, | . Al animals were sacrificed 2 h
gt %%mgﬁfeﬁaﬁéfd e

after the fin i'cation and tunors and bl ood were

col | ec r anal.ysis.. j imals, were closely
o ¢ o ERO Tt n TRt shibofoa oAUERAAF BB g el of il g L
si gns of t oxirenblypossibledivith emeventenab ehapatheramnd Thg blood drsid baader,r athough
animal s and drug-treate ni mal s, we det ect ed. raction_of Pl asma
For Ui qui d_ GPEAL B iy 10 SpIBRS P FAcHiErhs SLl | GrP4 B96 ot aite of
col I ect ed i Rh@pheiaBy 246 Cthe Yiirindf eMokkdlvary 1EaitbnalC cPUfd&icU Eifenfthddate targets
m ce. The bl oqgltyvvas allowed to settle at roomtenperature for 30 mn
fol | oned by TeRRAkY Pfql’g%fta‘il% caneep el (GBM IOV VER nisabeterogenepis in addtere.
vas separ at ggiHoldRallPeGB#! [sScraR@ichizaNEyY ?rn';ic_@xgtﬁ Qerfler, & $eANdHAR: rinCand an

establ i sh a standard reference, 25 gL of 1.0 gg/tnL or cel ecoxib
were added tivagmg yascplagssda PeriRherunt Thiat patinegratie gim akdsnheey. patbelogindly

St andar a1 o BT Gag o T 1RERi R sBics i HERRICHTEh BRecled M BEOD g G

wher eas t he [¥apel, &lmncmiReo 20@k 166 c220- D). VEenmatidegy asd sadidtioh eradisibonally target

standard to pl as fromani mals that had heen ireated with Afte
t hor ough vorteX{rg’2® ?ﬁ?ﬁ@Pg‘ﬁH?fé% e Fé’&itﬁ‘?f ?rgatfeﬁil?%m 2 aB‘Landr
acetoni tril eudtiCkisk@d, t Bxdofifast,Ghe daligrhnt AR i el pefindbrotic i@ of@ brain tumor
centrifuged at 4,500 rpmfor 5 mn to separate the protein

preci pi t at e 1ng#a egppiglifesstionnadapainderasnt albgr with the potential to be activated.
2008/ 118991PCT/ US2008/ 058323
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were transferred to a fresh tube. The sanple was evaporated using a
steady streamof air, and the dried residue was reconstituted using
150 i.tL gfoprmeii@ephase consisting of 80:20 (v/v) nethagakrhQosss /L
anmoni um acetate (pH 4.5). To renove any undi ssol ved precipitates,
the sanples were again centrifuged at 4,500 rpmfor 5 mn, and the
super nat ant s transferred to a fresh tube. Ten mcroliters of each
sanpl e were ﬁﬁﬁ? b’fé’&o fFFaH%Wf’iP%ﬂSWe PE“&E BXI CJ&W%WRYQ‘_F é\‘?tl%g? dormant
spectronetry §1id;19£&_1&94 JAsARYRY PrRcORE MO Rf grdfvUghdi iﬁvﬁacagaiﬁﬁféPéa%ing
an Agilent 1I00 hi gh-dpr_essur e |iquid chromatography syst eg}’LAgl ent
Technol ogi esthepappess. Ahasy mechappmei dpmeant enlk astisatBniie xerpapImiROBOhe Fonskps of

L NG ST SRS S TR T e

(50 x 4.6 mm{siiBilarito tlenwellascwuiarifedstvaor 1Bgioanane fcutdowmchen thélawea tqvelMides

was used. The.nmmbi | hase consi st ed, of : 20 (v/v) methanol: 10

ol /L aimron(E R et BApEroR® BeriuS: il ' el oy JreerEe bulk of
anal yt es wasthdSunlight."The endd @gs@lttif that tHe QFBMORciirk,MRith @crd2B4d iatakion into the
cel ecoxib were 3 go,and 3.10 mn, re]%ectivel,y. The anal ytes were,
then i ntroduB¥Ea! REaP-t Hbe glicbstapp calfom thirmerRecreil 4@ haye bpm previously
negative I Oncﬂmgeriz&he'l‘hﬁrvﬁbre%f intiMse@ Mol &l SEASHLIREHnbd S thE I biyoR
ions 394.0 3 330.2 and 380.0 3 316.2, respecti vaenligl. 'he | ower |eveél

of quantifi ctension thit ishpresens sinythaoperiaseralid izone dansh aggiogphedis Regerst s The

[00121] DMC | | s f xi h that clks t
il ity to | PEreaREyt, bl 0By fob sl HRER Rbie (A ot i) 0
be abl e to i glddbstontaecdiSRn the viellewtsadanizad i periphdryunovioreldr, theswe sunvart dells
DMC, or in parallel with celecoxibh, and determ ned the expression,.

| evel of POt B R D, 20 AR S?ﬁf‘it""c'?o?fgﬁﬁ?&ﬁf Tffe aeRgiated
and is critiwhhleyll invasibi ¢Brat DI} breali, MahéatRe 2004, &€ 19200¢ sehentitd edntdaRof
stress; thereﬁigﬁe,, we use&\hi t, %3/ a_wel | -established indicator of ESR
in our exper VR {SINCUDARIGHPCT HeRFFIFR- Fi gure 3, both DMC and

cel ecoxib were able to potently induce CHOP in glioblastom, breast
car ci nt08hanc ridaving gengrelivh sheteribed) thigt inventjopsh Sirther amdensianding| een be
nyel oma cel | i 40, i-pul .

Al though cel SSRRD by SaRney 3 (beHEHOpRRE Trtmblis Ao Bl Sibin for
gl i obl ast onepuapngeBof kilustragor pniyhandpareehdt intendsl to WO limiting unless otherwise
2008/ 118991P@é£{§3008/ 058323 [001221To eval uate the extent of the ESR
after DIVICTréatrrent, we analyzed additional indicators of the ESR

and conpared the effects with tho%gﬁm ed with the use of

t hapsi gargin, an inhibitor of sar c/ ER Ca2l-- ATPases that is
frequently gsed .ag. trong,.md ] nducer of .the ESR. S wer
reated w HOARAT: %Sy%ﬁ;ﬂ?ﬁ %ﬁg‘r 3 g oy %'agoq‘anﬁgwr & deatt
paral | el , aRdUssHPYSprmepyhoeesod n-cpxibpgalog of celecoxih o 4 an
ESR- speci f i Materinlsane], Methods anal yzed. Figure 4 shows that DMC and
thapsigargin stinmulated the three selected ESR i ndicators in a

sim | ar fasWh@ralsBoth CHOP and GRP78 were substantially el evated,
with a prom nent increase noted at the 6-h tine point and thereafter.
Acti vaoioeo9pf caeRas@bd. W ch -UnAEAbIRAY DY -EhGuARRERY I -
cl eavglgm( ac]'?i vated) form of thi \sm%ngyrreﬂ?ﬁ%vasy ir(gt not ed %? g?ﬁzog?-e
drug treat nehibenzspesgipranyde 24nt PMG iea |clase strpgtarah pnalpgns, pdierst the Pharg]

t he stinmul aty o] Sl e I IO bet. NVC.a e
nodel inducé}rl&%ﬁagasslt g’gfrxg?ﬁe }@?u‘dges {aﬁggt %—gf& }g’leh%é}rdf S@\t@g%b%f_ m"y\i}%relrgn’
qui t e pot entresultinghi s camt ext . 4{{ S 2Biivietirlpheinpip3t (i hatremehy)-1 Hipyrd&6R1 -

is a general ransi got -regulgtion of overall protein synthesis
b conbr nat PR EMectd (i 39K B0k dBmou el oy Rsp BBl gy
proteins, such as GRP78 (33, 34). Ws3therefore investigated whet her
DMC and cel ecnmdb woul d inpair cellular translation by determ ning the

-




[00124] Due to the striking simlarities between the effects of
DMC/ cel ecoxi b and those of thapsigargin, which is known to | eak

cal ci um f RponéBA1g8H and generate a cal ci um spi ke i n t heceiisonkassis Wwe
next determ ned whether DMC, and several coxibs and NSAIDs in

conparison, would induce such a response as well. For this purpose,
cells were | oaded with Fura-2/ xposed to 10 rnol /L of each
drug, and th&%e %&@WL&H@&%@%&@% i G re Plle %éﬁgmﬁ%ég_@r%fd.wﬁ@
shown in Fi gmnch. Hik @ad ves! BEENED £ INISO & PICRRMNIEEHisR! SlHiBn). For
spi ke, which coul d be observed in each and every cell tested. In

contrast, nofaldegoxith@shanferofecexibh@6), commerialraplalg of Hee (Rbizsy. New York,
traditional : ,51(?@' I i |

able to eli cﬁ?ﬁlgﬁﬁéflé}%/all 5‘%{’??‘ﬁ{(-:%}?%sg%hgﬁ@a{ééqeg%l%\%%rggﬁ%n@g& D(E)Iﬁ/%lo
and cel ecoxi b digimtegtate thebexcipiving Laatl ytha bétve tingredisntcwdshdissobvep e DMSO at 25
t hapsi gargin,__angd the .ent_el evation of intracyt asm c_cal.ci,um
overs oyt nireRl | J€ REHER ve of bisk doBranb meidl R S5E in et Brow
ESRi( ?E _ doculmégfgftﬂy iaﬁcd‘fﬁlﬁg rtSSes&bﬁslﬁbqjt&e\j\ihiﬁl&E @mer metraaﬁﬁéﬂﬁu \AEWS:ﬂD%i Wre
pea i gure used, by was_ sonewhat, greater than what was
measur ed for Pughised 0B S (%uﬁ? rBro@dgrd foimn and disabyedcig PYISO at
signi ficant; 1PN, mﬁﬁga{rgm%h HAFTA- M ARR: SRR ForBRigrid ﬁﬁi] HBRea

&) h 190125] To

the curve) was consi sten 0%to 50% | arger with DMC

further subsitaRMS&:eAllfengsivege adieddo dic Elliculing reediue dx 2 masoerphatdept the
w th other ﬁf?&iicgﬁceﬁﬂ? ENST IR tgﬁMS%QOi.S%’.?SH gated how t he observed
co

effects of these two drugs wou are with those of other coxibs

and traditi . ir , treated cells with DMC and the
t hr ee coxi b?@%f’gg@i’, ,ldrl:}gfc:‘%%fglyb%,s and val decoxi b and determ ned the

expr esgd evel f t ER stress.indicator protei n . CHOR At 50. .
gnol / Lfd(gp?gi gene@gé{eaed;%pmraso H%ﬁ%@ g%u}eﬁd%%lfl i Tg‘ﬁ 4P IR F@Hu%?ollectlon
det ect abl e ag@Vismasday, ¥Wa) 4nd) vatd propidaedoinSeMEM o RFMI [&@t (IRt Teahtblogies,
continued to_ingrease to.24 h (F 6A).. Treatmeni of cells wih
50 grol /L ccPEERiE, By st ‘gﬁtﬁﬁ“grfetﬁ-h?&qeéewm rsiraldwemm
al t hough t heafavenakilp/the Véleftow§tia HOhi BARRIRA! ¥atd: OIPeredand b hsMEo,
In contrast, neither rofecoxib HOT val deendb at the sane

concent r at i ofmeghgre: dge ighoblpsjorae ek tings| &25dHop 1% 0ewere providadgr BramnB.
100126170 i ; _ i ' i
0 i N¥BEH %Wem&tm%ay%(twgysﬂ&t&g’gﬁg&@gﬁ%%&% )%?g?llaf c).

achi eved at higher concentrations of rofecoxi

ggIOIB/s 1%&81%%@%%&%&%@%2&2% re;f;l‘_fiegns\/\gc each drug. However, as
shown L@%E!rl] ure fo AR qjgsa?eg v&e?%?%%:%@ia% ?ﬂ%ﬁ g{ ce?l? wWith %?1%%: Aggﬁqdeor&:%igangﬂ

r of eeo r val decoxib was a g any dete
i ncrease i n asdyharffeC®), ard EREEBcqueatteiions Were clatepained asing MM bisinchoninic

cel ecoxib potently.induced the. .expressio oth of these pr.oteins,

and once agdl® ,prﬂ\\/?ﬁ‘. BT lﬁégtch%égtl%a?‘é"da’?ﬁ%mr FL0p ﬁ%hﬁ%px%f)f
ER stress i ndugkdsle aiRek $iBtdssedantdlscribbd @) CTIRApraheWantitiales Iré

non, DMC potentldrﬁaﬂl):(us?_i nul%teeésthe ESSCIEQ1 agw?ndli%?gt edy\%gll thees réng‘%ﬁ%%%d

i nducti on offr Stprating Teghgologisp SReveny.dydaeryaraaditiemasal b fpbor, MI),
paral |l el, thyeg¥ardaP! MisteOinofy! hﬂ%ﬂamz,cﬂﬁl Qgﬁah&gY"’Q&cﬁrdm to the
investigated. First, a colony-formng assay was done; this IS ah

i ndi cat or ofminyfagtugenn sigeommendatipest The esdcondane pwibodies agereofcoupled to

i ndi vi dual | .e [vive.and spawn a | 9n f

cell growt h.Ch% ggaggnsg,%te{o%({aﬁﬁ accill ({eliegtﬁg:%yfb ?Iﬁ'l,l%?%fesr?gn c#ﬁ%ﬁﬁeagz)‘g?éfggnaﬁ]%ﬂ
y1) - 2, 5- di phsebgthaet framoPiercm bAldiinemneldstaywate sepsaed at deadiebiienio ndnfirm the
short-term gro h and survival, indicated primarily by the netabolic
activity of '¥#&>entire cell population. Third, tenninal

deoxynucl eoti dyl transferase-nedi at ed3dUTP ni ck end | abel i ng assay
was done to quantify the fraction of cells undergoing apoptosis. As



WD 2008/ 118991PCT/ US2008/ 058323 [ 001291We next investigated the
contribution of the ESR to reduced tunor cell growh in response to
t reat ment wé bdasPldooor cel ecoxi b. For this purpose, we pRhisERs/058323
specific si RNAs to knock down the expression of either GRP78
(representing the protective branch of the ESR) or caspase-4
(representing the proapoptotic branch). Qi oblastoma cells were

t r ansf ect edRiFHRoRiFEemEF NAS and treated with drug for 48 h, and the
percentage of surviving cells was determ ned with the use of the

col ony W‘grl%t i ontmseephistachemical anajysisef motelgrtxpeission il fungrpisgies was done

i ncl uded i - . , I5F
knockdown by " SRR g AL NEOERS Comblle aulERP T abitifls
anal ysi s of Budipgaue,4CANdcoGrRINS i thet mamufdcRirgly e1s80@lons. Fdhis procedure uses

GRP78-s1RNA, .t he .cel | s becane.mre sensiiive,and there | ess cel
survi val -whehCEREFE! pEoBe Rt S abELRelomf SpL 0Rhg R g oShplex
opposi te wasthabbgy bed: teiieds B nEidiidlotih henpiRShbthyd tachailque el Ass the Qritiddg
treat ment was %i %Pifi cantly reduced q(i .e., cell survival after o
treat ment wi £HI0EEY dtegirhansi-CHOR apdbodyi{SpniaSay: Rintephnoreyadibited 1:100 in 2%
expressi on Wasmidi flapbpBlads Rrudl RNA) . Thus, these results agree with
the current nodel of ESR “where ORP78 represents the protective arm
wher eas casBasfissh MeasirdanaPt otic and necessary for the execution of
cell death after ER stress; our results indicate that DMC and

cel ee r po Y f.f.ar : I C I
deat h Vi &‘i?ﬁe s%?‘%? I g{ﬁ%};@céae‘\éltg)élge\{m% %%étél}ir\“ tguéﬁ'[‘%@\%é%?ﬁ%& glﬁclgs fogrtP °
t o det er m netemhigtlveoxERckotidd sranifgrhte—inedinetl dUdRtnickuendrigbeling assay (E0).cAL

antitunmor activity .o we.used a.xe raf t. nyde. nguse, t.u del
and investi g%’tng’(?n¥% ¥°é>[ﬂé{ﬁc PLAF lﬁe&‘ferﬁfﬁﬂsqg‘g‘é{’%‘?t%gﬁﬂ Sy Pptf’f@?é%’cg&oﬁf
ani mal s tr eaChemidoh) Tecaln, @A cwhibh #as sledwaccordiniggts ethd Omakitfédturer’s
protein was barely detectable in tunor tissue fromcontrol aninmals
(i.e., in t HSISEMRS e of any drug treatnent). In contrast, when

ani rralﬁw[wire fed wwth DMC for 50 h, there was a | arge increase in
cHor pHi9dddh exphropiasisnini pelt Raltyres ingitra #es letermined diypsing dhe Gl acath
ani mal s recey o) byiin hpt aS e f r 4@ d Jos e

' add: ] on ERaoh oy ol by o AR C aRIne MO oot he
treat ment conaifaghwer’snstuatiogni This dmmpyoassay spepifatlly sisieeisshe histone hiegion

tunor tissu e rs. i D- a i el i t
di'spl ay of evileayads T St BATr BRI HEILEE RS ool i are
| onger - t er mrtleaved phyiring apapasis: Bidmety-sig-veedli platswere tsbeded twithr 1, INIGelis per well
rofecoxib, it becang arent that onl O .
2008/ 118901964/ B8 00/ D5 I o EDREY &R Mors) PLdL BinsTex
growt h (Fi gup@rubdents, hmgmﬁoisn?wmm t he i nduction of ESR and
apoptosis by DMC i ndeed translated into overall reduced tunor growth
in this xenogbsf Formmieh AskgO01311Fi nally, as an extension of earlier
phar macoki neti ¢/ phar macodynam ¢ determ nati ons of DMC and cel ecoxib
in nudgorige (2C HE BS54 Gtel REnGOROR iRl AN ifErrdH, Mg,
cel eau@b) T‘}]ﬁ bl oodengﬁ%) tunor t ' ssues from our exper| néllfél?%ljl(} ani rra%é. ¢
Tunor - bear i regllanvenniseedpdriator piaawvedl platas @ 2Ky sellsi pér welll Y figosegelste cell
ranging fro Qgg,‘s I ] I

| evel s (Om%dﬁ(%?ﬁcga%’%%a%gg%eer ggtt%r mgﬁée:egé%é%t Fﬁ%l%@ﬁ%ﬁ%ﬁnﬁt {(%ﬁiéu Vas
nmass spect r oemoved, fAsh pgrewentoesdliiinm wise added) end, thereoellsaverdr kigpt in culture

concentrations. ] | as a tumpr. ti ssye.increased as daily dosages
Cnereaseq antdisbiRt PRt sk sk WMaCIRF Hle SRCAE cprpmid S Aoy
animals treated with the highest dose of 180 ngy/kg. Intriguingly,
however, the concentrations in tunor tissues were two orders of

magni tude | ower than the correspondi ng plasma concentrations; in
animal s receiving the highest daily dose of 180 ng/kg, tunor tissue




WO 2008/ 118991PCT/ US2008/ 058323 [ 001321Bortezom b was obtai ned from
t he pharmacy as 3.5 ng Vel cade suspended in 3.5 nL saline (MIIennium

Phar maceutyw @ adogiseosse! ecoxi b was obt ai ned as capsul es f peigkhRs/0ss32s
pharmmacy or synthesized in our |aboratory according to previously

publ i shed procedures (24). DMC is a close structural anal ogue of

cel ecoxi b, where fhe 5-aryl ety has heen_ altered_by replacing

4- et hyl phen§ PW{EFP@%% ﬁ?@?o Sﬁ’r‘F‘éﬁW“QﬁF% b¥ stepuRmfor s Wel dimmsthy lege
i n our | abor gi@ iy nRfIRbE bAdhER chlngddl ousl y published procedures (19).
Cel ecoxi b and were dissolved in DVSO at 100 nunol /L (stock

sol ution) apg,R Lot S@nee! | culture nmediumin a manner that kept
the final concent ra!tsi on of solvent below 0.1% The COX-2-inhibitory

acti vi fres i : i i

nas coldAITEL " Faeak, SHR BRRARE of BXSIRF Hler A hER b ERSHaANPEE 2000
for exanpl e, Inafrogeh2Carlball] CA) aeprdimgitocth manefacioreistihamstidi30 TBS Hilietent
cells were pr. ated in, DVME el suppl e ted w % f et al

bovi ne ser untEa8 ATE SERAESEE Ry ridtoclerio Rore Igareiont Pb Breo PR AT
a hum di f i edSduiligah @abfordit/K3 Moras 0. ToddirdHeBsiad TRSdRN €efiter, @ rthdit BRences
gl i obl astoma cel | I}nles (LN229, U251, T980, and U87M5 and ane ,
mul tiple nyeVefaas efollops: sIRNb)fargeseds) at \gragn | Suerescenig @roteig 7 (5-CElad 5~

RPM /8226 cethagmicGacktaidresciivemiie Aneri cathsdype Cul tyyqe 5-
Col l ection. LN229 and 11251 were obtai ned from Frank B. Fi nnan

(Ludwi g | nst PAMCYHFACGRMIGAGEYNATIARS’ La Jdtutigensel) . COEGRRA8pr essiBn
| evel s and aRdi n prod ion in these cells .
have been p%ﬂ%@%@%@gag@gﬂﬁ? @Qﬁsle)o fnd 5
3- (4, 5- D ret HLEUAKNAXGCAZWRCGEUCOAER | t e(antieabs)um bndm decapsseyt, 57-

[00134] 3-(4, 5: P i - 2= : - di phenyl t et razol i um brom de,
(MT) assays%@#@%%ﬁégémépl at es %e{lﬁ‘?st he usé™®f 3.0 » -
103 to 8. 0><AABBGAITGUBHNAGRGIGCTACIESST (abstnid). det ai | el sewhere

(19). Cell death ELISA 1001351Cells were plated in 96-well plates in

quadr upl i caty@splasmié CoftPurs Fbginpt h (100 uLiwel |). The next day, they
were treated with drugs for 24 h and anal yzed for the presence of

hi st ona0g 7P| exehe B féRUGHBA By WchbhtihB hedSRitRY AnSIANFRASV AU (Yavitrogen)
for 30 min at room temperature in external solution containing 138 mmol/L NaCl, 5.6
mmol/L. KCl, 1.2 mmol/L. MgCl,, 2.6 mmol/L. CaCl,, 10 mmol/L. HEPES, and 4
mmol/L glucose (pH 7.4). Aficr loading, the cells were rinsed and transferred to the
imaging setup. The cells were treated with individual drugs for 10 s, whereas
fluorescence was elicited with the excitation wavelength alternating between 350 and
380 nm, using a Polychromator V (TILL Photonics GmbH, Grafelfing, Germany) to
provide illumination via a Zeiss Axiovert 100 microscope with a Zeiss Fluar 401 oil
objective (Carl Zeiss, Jena, Germany). Images were captured using a Cascade 512B
CCD camera (Photometrics, Tucson, AZ) controlled with MetaFluor software
(Molecular Devices, Sunnyvale, CA) at 0.5 Hz acquisition frequency. Ratios of the
images obtained at 350 and 380 nm excitation were used to show changes in the
cytoplasmic calcium concentration, according to the principles developed by
Grynkiewicz et al. (31).
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WD 2008/ 118991PCT/ US2008/ 058323 avai |l abl e ELI SA kit (Roche
Di agnostics) according to the manufacturer’'s instructions. The kit

was used iy gooBR¥9Sr as to specifically quantitate apopp@fisSosisiay
t han necrosis. I mnunoblots and i munohi st ochem cal staining

[00136] Total cell |ysates were prepared and analyzed by Western bl ot
anal ysis as_ described earlier (19). Inmunohistochem cal analysis of
prot ei n expPeug Tgatment olil¥ude Micgsues was performed with the use of the

Vectastain avidin-biotin conplex nmethod kit (Vector Laboratories) as

descri BRM18] evi ofmiry t¢ Ipyeekrtld meiensthymigntiwbwdhiss wiere eoltaineth dved Harlem
Cell Signali Cr echnrol | n and

accordi ng toaﬁ?{é%%a flﬁggndrjlé?ﬁ%%%%%n‘#@nggﬁ tOo(rfijsy? lﬁ %tom %GIE) B des%ﬁ)(ﬁd
st ai ni ngs vveinedetaelpﬁm@dree(BZ)L fassthe daeﬁnmmo@mf&mrnm grhﬁthrchﬁmgt:smmuous drug

Ter mi nal deoxynucl eg id ted dUTP, ni end, | abel
Staining of THBFP S G597 DA SO St R e oo (150
nmeasured qu amgndgarot VMAE Wit fhglidgefor %fe@émﬁ)h Qndl &b 3howiB Qi*éénﬂl%hﬁ%d @Md
transferase- nedi at ed dUTP nick end | abel i ng ((TUNEL) assay

conponent s fseorded as dessiiad (Be)- wBprethe may iRl Mosipiver cffpetsp dmap)@pt(%}!,@%
Det ection ki é@@@@fpaﬁe %0%&1@ Qleé&ﬁ%w’\i%j K Q%_SQrEHQ idi&mination c1f| dsrug

manuf act ur er | nstructi ons. e per cent’ age O NEL positive ce
for each tu nmncgev@tlown\mmd@né turnorgibsiie, tumdrbeariag dmma@hwer@ ricgicd gvithdds

t aken at 200 i fi t|o (-1 n ol o

[00138] The a0 el S0 & o RS | %ﬂ%ﬁ?&? %%&@ s 4V { el
at the m cr oddilgrdosabf thelr&pbcaberdaigx\mmfz hivian dlirncvahmnisstaﬁﬁn 1Stwﬂhbel’omach
Californiallorris reh cer er: uence

Gaser §bod i v StalgeR ORI RS hocd (PObigr Y SHES dn ALl A Ferk,
subsequent axgh vl m@mseﬁé saefivédvah aftdr tﬁ@h@z{l)é;lﬁwlitfaﬁ&{ bOMuASRa Yufietd @nd
been descri bed I n detajl el sewhere (32). Drug eat nent of Nude M ce

[ 00139] Four -blees avejeerllentesl don analysisy ninc ath perimente ther eniwpls aversdelpsebin
Harlan and  popitored with regard to body weight, food consumption, and clinical signs of toxicity;

no differences between nondrug—treated control animals and drug-treated animals were
detected.

Extraction of Plasma for Liquid Chromatography Mass SpectrometryAnalysis

[00119] Blood was collected in heparinized syringes using cardiac puncture of nude mice.
The blood was allowed to settle at room temperature for 30 min followed by
centrifugation at 2,000 rpm for 5 min at 4°C. The plasma was separated from the cells
and transferred to a fresh tube. To establish a standard reference, 25 pL of 1.0 ug/mL
DMC or celecoxib were added to 50 pL plasma from untreated control animals. For the
test samples, the same amount of DMC was added as an internal standard to plasma
from animals that had been treated with celecoxtb, whereas the same amount of
celecoxib was added as an internal standard to plasma from animals that had been
treated with DMC. Afier thorough vortexing, plasma proteins were precipitated using
425 pL acetonitrile and vortexing for 1 min. The entire mixture was centrifuged at

4,500 rpm for 5 min to separate the protein precipitate, and 400 uL of the supernatant
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inplanted s.c. with 5 x 105 U87 glioblastoma cells. Once tunors of
-300 nrn3 had devel oped, the aninmals received drug treatnents.

Vel cade Wago Gdo¥Rikosys @ single dose 44 WO _ PCT/US2008/058323
2008/ 118991PCT/ US2008/ 058323 via tail vein injection. DMC was given

twice daily (one half of the daily dose every 12 h) via direct
adm ni stration into th ainless steel .ball-h

feedi ng need &S EESE EF §ub61 ﬁg §amp Pas evppprsfes) usie fséteﬁie Y ftjgam of

ani mal s wer e,$agHithd &ed @ﬁduet wmeéoﬂéﬁﬁﬁdqe Inkashed., Jt%ob@l@%)hxs%l ®nsitthg of
al | experlrrents the animals were closely nmonitored with'regards to

body wei ght 58060 BEBRalgR, el L RmcR Scets. Gt bR CT8 yremAEe any
ani mal & wer ot SRpA Rl &6 ER s ST 4in ERL TR A2 i PR

represents aaphtheisopéraathyt wasf 1fransfehtd tto-atfreshtiultiey p@emfnm:ralmtersroﬁm‘ablln sample
di smal progngsis. Because ive therapies ar ently
needed, we cWS’?@n@lg?ﬁda ?P}Eﬁﬁ"&ﬁ’ya TR rflaSFiSPFég 19% nodel to
i nvesti conb t| on effects of ur sel ect ed drugs To establish
the. colfilaBl ot i of drtedas, thg APt ek B Y eoh SemPles fhAgtont AT biebioassue
cel I growth ﬁdpﬁié%om%gfdpw %ﬁé&@&ﬁ%@%&egﬂeg I9ah@ CIREl Bil H@dﬁléﬁ Métd B

either bortezom b, cel eccod e non-coxlb cel ecoxi b anal ogue
DMC. The resSeies APl 396 tiple quaBunle dandeme mapse Apectipmpten ¢AppliednBipsyaiamns,

L5 B B SR B T T g
L st s e, S i St o s e
olils BResh clpyte REFPRRIE ) pition! ne RPN 87

|tsICH|narepr Sentarive i ple
for conpari saf). p’[lﬁq)ﬂ)@»&SateASs@bmvmthb Andlytgsivas 3ALL/adif], \ﬂlsereﬂjé&eﬁeﬁlﬁbn time

RPM / 8226 | t Lt d. bort b
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TC50 of -50pjeykfol /L in U251, UB7M5 and T980 cell's, whereas DMC was
sonewhat nore potent with an I C50 of slightly below 40 unol/L. The

LN229 fRfiba] ' Mo M 61 QXY bt bRAoHeSR ERkoS Wit 1ok e ability to inhibit

COX-2. To investigate whether this compound would be able to induce the ESR, we
treated various tumor cell lines with DMC, or in parallel with celecoxib, and determined
the expression level of CHOP protein. CHOP is a proapoptotic component of the ESR
and is critically involved in the initiation of cell death after ER stress; therefore, we
used it as a well-established indicator of ESR in our experimental system. As shown in
Figure 3, both DMC and celecoxib were able to potently induce CHOP in glioblastoma,
breast carcinoma, pancreatic carcinoma, Burkitt’s lymphoma, and multiple myeloma
cell lines. Thus, both drugs seemed to stimulate the ESR, although celecoxib seemed to

be somewhat less potent than DMC in glioblastoma and Burkitt’s lymphoma cell lines.
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Z?H-aligfslénylteh'azolium bromide assays, and with substantially increased apoptosis.

[00128] Celecoxib as well was able to induce cell death/apoptosis (Figure 8B) and
reduced the viability of the cell culture (Figure 8C), although its potency was clearly
less than that of DMC (as indicated by the requirement of higher concentrations).
However, none of the other coxibs (rofecoxib and valdecoxib) or traditional NSAIDs
(flurbiprofen, indomethacin, and sulindac) had any detectable effect on cell growth and
survival and did not induce apoptosis even at concentrations of up to 100 pmol/L
(Figure 8B and C). Thus, taken together, these results indicate that celecoxib is unique
among these coxibs/NSAIDs because of its superior potency to stimulate the ESR and
initiate tumor cell death; in addition, its derivative DMC seems even more effective,

clearly arguing that the inhibition of COX-2 is not required to achieve these effects.
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siRNAs to knock down the expression of either GRP78 (representing the protective
branch of the ESR) or caspase-4 (representing the proapoptotic branch). Glioblastoma
cells were transfected with these siRNAs and treated with drug for 48 h, and the
percentage of surviving cells was determined with the use of the colony formation assay
(Figure 9A). As a control, a si-GFP was included in these experiments; furthermore,
the efficiency of target knockdown by each specific siRNA was confirmed by Western
blot analysis of caspase-4 and GRP78 protein (Figure 9B). For GRP78-siRNA, the
cells became more sensitive and there was Jess cell survival when GRP78 levels were
reduced. For caspase-siRNA, the opposite was observed: we found that the sensitivity
of cells to drug treatment was significantly reduced (i.e., cell survival after treatment
with celecoxib or DMC was increased when caspase-4 expression was diminished by
siRNA). Thus, these results agree with the current model of ESR, where GRP78
represents the protective arm, whereas caspase-4 is proapoptotic and necessary for the
execution of cell death after ER stress; our results indicate that DMC and celecoxib
overpower the protective effort by GRP78 and induce cell death via the stimulation of

caspase-4 activity.

[00130] In an effort to determine whether ER stress might be relevant during the in vivo
antitumor activity of DMC, we used a xenograft nude mouse tumor model and
investigated the expression of CHOP protein in tumor tissue from animals treated with
DMC or rofecoxib. As shown in Figure 10, CHOP protein was barely detectable in
tumor tissue from control animals (i.c., in the absence of any drug treatment). In
contrast, when animals were fed with DMC for 50 h, there was a large increase in
CHOP protein expression in their tumor tissue. In comparison, when animals received
rofecoxib, no such increase was observed (Figure 10). In addition, the highly elevated
amount of CHOP protein after DMC treatment correlated with significantly increased
apoptosis in the tumor tissue, whereas tumors from rofecoxib-treated animals did not
display elevated levels of apoptosis (Figure 10). Furthermore, on longer-term therapy

of tumor-bearing animals with either DMC or rofecoxib, it became apparent that only
41



I ntroduction of groapoptatio players TRAIL Reconbi nant protein
Clinical trials planned AP9Plin Gene therapy Preclinical Caspases

Gene t her gy 2§0sR8dodb i cal PCT/US2008/058323

DMC caused significantly reduced tumor growth (Figure 11), indicating that the
induction of ESR and apoptosis by DMC indeed translated into overall reduced tumor
growth in this xenograft model.

[00131] Finally, as an extension of earlier pharmacokinetic/pharmacodynamic
determinations of DMC and celecoxib in nude mice (20), we measured the
concentration of drug (DMC and celecoxib) in blood and tumor tissues from our
experimental animals. Tumor-bearing animals were treated for 2 days with daily
dosages ranging from 30 to 180 mg/kg DMC or celecoxib, and the absolute levels
(Cinax) of each drug were determined by liquid chromatography mass spectrometry. As
presented in the Table 2, maximal drug concentrations in plasma and tumor tissue
increased as daily dosages increased and reached peak levels of 45 pumol/L in the
plasma from animals treated with the highest dose of 180 mg/kg. Intriguingly, however,
the concentrations in tumor tissues were two orders of magnitude lower than the
corresponding plasma concentrations; in animals receiving the highest daily dose of 180
mg/kg, tumor tissue concentrations approximately equivalent to only 0.25 umol/L were
reached. Nonetheless, in all of these tumor tissues, increased levels of CHOP
expression were observed, whereas tumor tissues from non-drug treated or rofecoxib
treated (30-180 mg/kg) animals were consistently negative for this ER stress indicator
protein (see Figure 10). In general, tumor tissues from animals treated with the lowest
dosages of DMC or celecoxib were positive for CHOP, although tumors from those
animals exposed to much higher concentrations stained more intensely for this protein,
Importantly, these results show that despite the huge difference between the drug
concentrations used in vifro and those measured in vivo, in both cases, ER stress and
subsequent tumor cell death were achieved.

Example 2: Aggravated Endoplasmic Reticulum Stress as a Basis for Enhanced

Glioblastoma Cell Killing by Bortezomib in Combination with Celecoxib or Its Non-
Coxib Analogue, 2,5-Dimethyl-Celecoxib

Materials and Methods

Materials
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[00132] Bortezomib was obtained from the pharmacy as 3.5 mg Velcade suspended in 3.5
mL saline (Millennium Pharmaceuticals). Celecoxib was obtained as capsules from the
pharmacy or synthesized in our laboratory according to previously published procedures
(24). DMC is a close structural analogue of celecoxib, where the 5-aryl moiety has
been altered by replacing 4-methylphenyl with 2,5-dimethylphenyl; this compound was
synthesized in our laboratory according to previously published procedures (19).
Celecoxib and DMC were dissolved in DMSO at 100 mmol/L (stock solution) and
added to the cell culture medium in a manner that kept the final concentration of solvent
below 0.1%. The COX-2-inhibitory activity of freshly synthesized celecoxib, and lack
thereof in DMC, was confirmed in vitro with the use of purified COX-2 protein (see, for

example, ref. 42).
Cell lines and culture conditions

[00133] All cells were propagated in DMEM (Cell gro) supplemented with 10% fetal
bovine serum, 100 units/mL penicillin, and 0.1 mg/mL streptomycin in a humidified
incubator at 37°C and a 5% CO, atmosphere. Four human glioblastoma cell lines
(LN229, U251, T98G, and U87MG) and one multiple myeloma cell line (RPMI/8226)
were used. T98G, US7MG, and RPMI/8226 cells were obtained from the American
Type Culture Collection. LN229 and U251 were obtained from Frank B. Fumari
(Ludwig Institute of Cancer Research, La Jolla, CA). COX-2 expression levels and drug

effects on prostaglandin production in these cells have been published elsewhere.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay

[00134] 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays
were performed in 96-well plates with the use of 3.0 x 10° o 8.0 x 10° cells per well as

described in detail elsewhere (19).
Cell death ELISA

[00135]) Cells were plated in 96-well plates in quadruplicates at 1,000 cells/mL (100
pL/well). The next day, they were treated with drugs for 24 h and analyzed for the

presence of histone-complexed DNA fragments with the use of a commercially
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available ELISA kit (Roche Diagnostics) according to the manufacturer’s instructions.

The kit was used in a manner as to specifically quantitate apoptosis rather than necrosis.
Immunoblots and immunohistochemical staining

[00136] Total cell lysates were prepared and analyzed by Western blot analysis as
described earlier (19). Immunohistochemical analysis of protein expression in tumor
tissues was performed with the use of the Vectastain avidin-biotin complex method kit
(Vector Laboratories) as described previously (32). The primary antibodies were
purchased from Cell Signaling Technology or Santa Cruz Biotechnology, Inc. and used
according to the manufacturers’ recommendations. All immunoblots and stainings were

repeated at least once to confirm the results.

Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling staining of

tumor tissue

[00137] Apoptosis in tumor sections was measured quantitatively with the use of the
terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL)
assay. All components for this procedure were from the ApopTag In Situ Apoptosis
Detection kit (Chemicon), which was used according to the manufacturer’s instructions.
The percentage of TUNEL-positive cells for each tumor section was determined from

10 random photomicrographs taken at 200 magnification,
Transfections and colony formation assay

[00138] The different small interfering RNAs (siRNA) were synthesized at the
microchemical core laboratory of the University of Southern California/Norris
Comprehensive Cancer Center; their sequences are described in ref. 32. Transfections
of cells with these siRNAs and subsequent analysis of cell survival by colony formation

assay have been described in detail elsewhere (32).
Drug Treatment of Nude Mice

[00139] Four- to 6-week-old male athymic nu/nu mice were obtained from Harlan and
implanted s.c. with 5 x 10° U87 glioblastoma cells, Once tumors of ~300 mm® had

developed, the animals received drug treatments. Velcade was given as a single dose
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via tail vein injection. DMC was given twice daily (one half of the daily dose every 12
h) via direct administration into the stomach with a stainless steel ball-head feeding
needle (Popper and Sons, Inc.). After a total of 50 h, the animals were sacrificed and
tumors were collected for analysis. In all experiments, the animals were closely
monitored with regards to body weight, food consumption, and clinical signs of
toxicity; no differences between non—drug-treated control animals and drug-treated

animals were detected.
Results

[00140] Glioblastoma multiforme represents a particularly difficult-to-treat type of cancer
with dismal prognosis. Because more effective therapies are urgently needed, we chose
various human glioblastoma cell lines as a model to investigate combination effects of
our selected drugs. To establish the concentration of each drug that would result in 50%
inhibition of cell growth (ICsp), we first treated each cell line individually with either
bortezomib, celecoxib, or the non-coxib celecoxib analogue DMC. The resulting ICsq
after 48 h of treatment with bortezomib was ~10 nmol/L for the U251, U87MG, and
T98G glioblastoma cell lines and slightly below 5 nmol/L for the LN229 glioblastoma
cell line (Figure 12A). Because bortezomib was developed for multiple myeloma
therapy and is highly cytotoxic in such tumor cell lines, we also determined its ICsq in a
representative multiple myeloma cell line, RPMI/8226, for comparison purposes. As
shown in Figure 12A, and as expected, RPMI/8226 cells exhibited high sensitivity
toward bortezomib; however, this cell type was not more sensitive than the
glioblastoma cell lines. This finding established that glioblastoma cells were
exquisitely sensitive to bortezomib, which supported our rationale for investigating this

drug as a potential glioblastoma therapy.

[00141] We also established the ICsy for celecoxib and DMC in all four glioblastoma cell
lines (Figure 12A and B). Celecoxib displayed an ICsp of ~50 pmol/L in U251,
U87MG, and T98G cells, whereas DMC was somewhat more potent with an ICsy of
slightly below 40 pmol/L. The LN229 cell line (which exhibited the greatest sensitivity
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to bortezomib; Figure 12A) was overall slightly less sensitive to either celecoxib or

DMC (Figures 12A and B).

[00142] To determine the ability of bortezomib, celecoxib, and DMC to induce the ESR in
glioblastoma cells, we treated U251 cells with increasing concentrations of each drug
increased expression of GRP78 and CHOP, indicating that the ESR was triggered. In
addition, this drug also stimulated the activation of the ER stress-associated procaspase-
4, as indicated by the appearance of the cleaved (i.e., activated) form of this enzyme.
To verify that bortezomib, at the concentrations we used, exerted its established
function (i.e., inhibition of the proteasome), we also investigated the accumulation of
polyubiquitinated proteins. As shown in Figure 134, the induction of ER stress
markers coincided with the appearance of highly elevated levels of polyubiquitinated
proteins, indicating that inhibition of the proteasome correlated with the induction of

ER stress.

[00143] The same targets were also investigated after treatment of cells with either
celecoxib or DMC. In all our experiments, celecoxib and DMC consistently generated
the same outcome, except that DMC was slightly more potent [for this reason, and also
because the induction of ER stress by celecoxib has been reported earlier, we will focus
primarily on the results obtained with DMC]. As shown in Figure 3B, DMC treatment
resulted in strong induction of GRP78 and CHOP and activation of caspase-4,
indicating that this drug triggered ER stress. However, this drug did not cause
substantial accumulation of polyubiquitinated proteins, consistent with the expectation

that its mechamism of action was different from that of bortezomib.

[00144] We next examined the effects of combination drug treatments on glioblastoma
cell growth and survival. For this purpose, we combined bortezomib with either
celecoxib or DMC at concentrations that represented approximate ICsy values so that
potentially enhancing effects would become apparent. Figure 14A depicts a visual
display of cell number and morphology, whereas Figure 14B presents the quantified
outcome. Figure 14A reveals that individual drug treatment resulted in a smaller

increase in cell number and the presence of fewer mitotic figures; in contrast,
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combination drug treatment resulted in noticeable cell loss and apparent cell death.
These visval impressions were complemented by counting the number of viable cells
over the course of drug treatment (at 8, 24, and 48 h). As displayed in Figure 14B,
single-drug treatment allowed initial cell proliferation (i.e., increase in cell numbers
between 8 and 24 h} and then exerted presumed cytostatic effects (i.e., the overall
number of cells did not change between 24 and 48 1), In contrast, when the drugs were
applied in combination, there was no increase in cell numbers at the 24-h time point and

substantial loss of viable cells between 24 and 48 h, indicating potent cytotoxic effects.

[00145] The extent of drug-induced cell death and survival was further investigated by cell
death ELISA, which quantitates the amount of apoptosis in the entire culture, and by
colony formation assays, which determine the number of individual cells able to survive
drug treatment long-term and spawn a colony of clonal descendants. Figure 14C shows
that treatment of glioblastoma cells with individual drugs caused a small increase in
apoptotic cell death, whereas the combined treatment with bortezomib and celecoxib or
DMC resulted in greatly increased cell death. In colony formation assays, 5 nmol/L
bortezomib reduced the number of emerging colonies by ~50% (Figure 14D). The
chosen concentrations of celecoxib and DMC by themselves exerted only minor
inhibitory effects (reduction of colony number by approximately 10-15%). In contrast,
when cells were treated with bortezomib and celecoxib or DMC in combination, colony

survival was greatly reduced by >90% and 97%, respectively.

[00146] Each assay used in Figure 14 was applied to several different glioblastoma cell
lines and varying concentrations of drug combinations were used (data not shown). In
all cases, very similar outcomes were achieved, clearly indicating that the combination
of these drugs results in greatly increased cytotoxicity and substantially reduced cell
survival compared with treatment with each drug individually. Furthermore, we
calculated the combination index (CI) from conventional MTT assays where increasing
concentrations of each drug were combined (data not shown) and obtained a CI <1,

revealing that the drug combination effects were synergistic.
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[00147] We next investigated the potential contribution of the ESR to the above-presented
combination drug effects. US7MG and T98G cells were treated with the same drug
combinations as above, and various components of the ESR system and cell death
machinery were analyzed. As shown in Figure 15, individual drug treatments resulted
in increased expression of GRP78, and combination drug treatments increased
expression of this protein further. Levels of the proapoptotic CHOP protein were
weakly increased by single-drug treatments but were more strongly elevated by
combination treatments. The activity of c-Jun NH2-terminal kinase (JNK), a critical
proapoptotic component of the ESR, was investigated with antibodies specifically
recognizing the phosphorylated (i.e., active) form of this kinase.We found that
combination drug treatments, but not individual drug treatments, resulted in greatly
increased JNK activity (Figure 15A). Taken together, these results indicate that
bortezomib, when combined with either celecoxib or DMC, caused stronger ESR
induction than either drug alone. Similar results were also obtained with the use of

LN229 and U251 cells (data not shown).

[00148] To establish whether drug-induced ER stress and cellular apoptosis were only
correlative or were causally related, we specifically reduced the expression of the ESR
component GRP78. If drug-induced cell death was controlled by the ESR, we would
expect that reduced levels of GRP78, which functions as a major protective component
of the ESR, would lead to further increased cell death. U251 cells were transfected with
SiIRNA against GRP78; as a control, cells were transfected with siRNA against a target
not present in mammalian cells [i.e., green fluorescent protein (GFP)]. Both siGRP78-
transfected and siGFP-transfected cells were treated with bortezomib together with
celecoxib or DMC, and the number of surviving cells was determined by colony
formation assay. As shown in Figure 16A, cell survival was significantly (P < 0.002)
decreased in cells harboring reduced levels of GRP78; cell survival after drug treatment
was 63% to 68% in cells transfected with siGFP but was decreased to 40% to 42% in
cells transfected with siGRP78. Down-regulation of GRP78 expression by siGRP78
was confirmed by Western blot analysis; however, whereas the presence of siGRP78

reduced basal levels of GRP78 below the detection limit, the siRNA could not
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completely block the induction of GRP78 by drug treatment, as lower levels of induced
GRP78 protein could still be detected (Figure 16B). Nonetheless, under all conditions,
the overall amount of GRP78 protein was lower in siGRP78-transfected cells than in
siGFP-transfected cells. Concurrently, siGRP78-transfected cells exhibited significantly
increased chemosensitivity, indicating that the ESR played a causal role in triggering

cell death induced by bortezomib in combination with celecoxib or DMC.

[00149] Finally, we determined whether the above-described in vitro events would also
take place in vivo. US7MG cells were implanted s.c. into nude mice, and after sizable
tumors had formed, the animals remained untreated or were treated with drugs.
Celecoxib was not included in this experiment because previous studies had already
shown that this drug potently stimulated the ESR in vivo (39, 40); furthermore, all
known experiments that compared DMC to celecoxib have shown that both drugs
reliably achieve the same tumor-suppressive outcome in vitro and in vivo, except that
DMC consistently displays somewhat greater apoptosis-inducing potency. Therefore,
we decided on DMC as the more potent drug of choice for the in vivo combination

experiments with bortezomib.

[00150]) ‘We had shown previously that DMC by itself quite potently triggers ER stress in
tumor tissue in vivo (39), and this effect begins to appear at dosages of >10 mg/kg.
Considering these earlier results, we chose 7.5 mg/kg as a potentially useful dosage for
this combination experiment; we reasoned that suboptimal dosages of DMC would
allow the combination effects to emerge. Tumor bearing animals were treated with
DMC or bortezomib alone or in combination for 2 days (a relatively short treatment
period was chosen because we wanted to focus on the early mechanisms that initiate
cell death rather than the later conditions that dominate when the tumor cells are dying
or already are dead). Tumor tissue was analyzed for the expression of CHOP (as a
marker of ER stress) and stained by TUNEL (to visualize the extent of apoptotic cell
death).

[00151] We found that DMC, at this very low dosage, did not cause much elevated CHOP
expression nor did it substantially increase TUNEL staining (Figure 17A). Bortezomib
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treatment by itself resulted in a larger fraction of CHOP-positive cells, concomitant
with increased TUNEL staining. In comparison, when bortezomib was given together
with DMC, there was a very strong induction of CHOP, which could be detected in
every single cell, and an even greater increase in the number of TUNEL-positive cells
(Figure 17A). When the number of TUNEL-positive cells in the various treatment
groups was quantitated, it became apparent that combination treatment resulted in
significantly more cell death than individual drug treatment (Figure 17B); that is, cell
death in response to treatment with bortezomib plus DMC was 4.9- and 3.0-fold higher
than in animals treated with DMC or bortezomib alone, respectively. Thus, combination
drug treatment resulted in substantially higher levels of ER stress and a greater amount
of cell death than individual drug treatments and established that aggravated ER stress
and enhanced glioblastoma cell killing could be achieved in vivo as well.

Example 3: Aggravated Endoplasmic Reticulum Stress as a Basis for Enhanced Cell

Killing of Tumor-associated Brain Endothelial Cells by Temozolomide in
Combination with the Non-Coxib Celecoxib Analogue, 2,5-Dimethyl-Celecoxib

(DMC)
Materials and Methods

[00152] Tumor-associated Brain Endothelial Cells (TuUBEC) were treated with TMZ (300
uM) and 20 uM DMC for 48 hours. The drugs were removed and cells were incubated
for another 12 days; at that time cytotoxicity was evaluated using the trypan blue

exclusion technique. Results are presented as number of viable cells per group.
Results

[00153] Temozolomide (TMZ), the standard of treatment for gliomas, is very effective
against the tumor cells. However, this drug causes little cytotoxicity on the tumor-
associated brain endothelial cells (TuBEC). Our experiments, summarized in Figure 18
have shown that the ER aggravating agent DMC increased the susceptibility of the
tumor vascular endothelial cells susceptible to TMZ. Thus DMC functions as an anti-

angiogenic agent by chemosensitizing these cells to known therapeutic drugs.
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[00154] Although the present invention has been described in terms of specific exemplary
embodiments and examples, it will be appreciated that the embodiments disclosed
herein are for illustrative purposes only and various modifications and alterations might
be made by those skilled in the art without departing from the spirit and scope of the

invention as set forth in the appended claims.

Table 1: Apoptosis-triggering Strategies

Strategy Target Approach Stage of devalopment
Proapoptotic approaches
Introduction of proapoptotic players TRAIL Recombipant protzin Clinieal wialy plammed
Apoptin Gene therapy Preclinical
Caspases Gene therapy Preclinical
Modolation of antiapoprotic genes of Mitochondria:
pathways
Proapoptotic molecules {Bax, BCL-Xs) Gene thegagy Preclinical
Dewnregulnte antiapoptotic molecuiss ODNg Phase I/
(Bel.3, Bcl-XL}
Direct effect on mitochordrin Lonidamine, arsenite Phase I
Direct affect on pores PK 11195 Preclinical
Restoration ar mamipulation of tamer  p53 Gene therapy Phase 1AL
SUppPIessOr genes
Retinoblastoma Gene (herapy Preclinical
FHIT Gene therapye Clinical trials planned
Permissive approaches
Oncogenes PI3k LY294002 Pyeclinicat
Ras Sarall melecules, ODNs Phase 0T
BCR-ABL Saail molecule (S8TI-571)  Phase ITI
NFkB ODNa Phase LT
Protensome inhihiters PS-341 Phase I
craf QDNs Pliase I
c-myh ODNs Preclinical
Cetl cycle modulators UCN-01, flavopiridol Phnse E¥
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a pharmaceutically effective amobunt of a first compostion conprising
a conmpound having a general formula: wherein, Rl is nethyl,

f1 uor omet Ryd poodi fdossor onet hyl, trifluoromethyl, alkyl, GlyRisarRkhibss
di fl uoroal kyl, trifluoroal kyl, polyfluoroal kyl, hydroxyal kyl, or

car boxyal kyl; R2 is hydrogen, fluoro, chloro, brono; fluoronethyl,
di fl uoronethyl, trifluoronethyl, alkyl, fluoroalky di f] uoroal kyl ,

|
trifluorca Ryko Bcoprne d¥oapmish Anghieherisgulation” ofasusexipg| esprossiag and

R7 are inde : ASL St | :

B R e e
trifl uor oal éaplog, diohsthylersleoertik (DM@ dn dwyper kalls, ingvitre sam or bk yMpl Sayder
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Cri L oor i ki S BBPOPRREZoa RS il Iatnob i G Ity riiRlegRost e
R12 is hydl’ﬂﬁeﬂionalﬁﬁtﬂyeli Gra?g/ :pizonlidatk% Ib?jf Mmlrthﬁ;lhgylandgﬁﬁshuﬂﬁl OATRAIRE site
trifluoroal kyl, po uor o - roxya ,  Car a ,
am noacyl , ’8%561’5 %ﬁﬂy‘&‘? F’?‘{Oé’?aﬁﬁé‘rrﬁﬁ e st Ft}ﬁ@fl’ise@’iogéﬁ%iﬁ%ﬁ527&37§75“
second conmpgsition capable of increasing the concentration of
m sf ol ded or danaged proteins in the ER, wherein said second

conposi t 3gMvG YD H&RRrsBotC ANPOURE R8d &ft 8 LARMBOplRAL Mebho& fih NAWIoLr
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4. The pharmaceutical conposition of Caim1l, wherein said first
conposition is selected fromthe group consisting of

445- (2, 5- dieyegognigakenyl) - 3- (trifl uoromet hyl) - PCT/US2008/058323
1H pyrazol - 1-yl ] benzenesul f onam de,
4-15-(2,5-di(trifluoronethyl)phenyl)-3-

ngSI_ ]E lzugr@p%&gﬁ{%l;éﬁ;%a%n%lr iar]bb%/l!ti-g? gtn (fir%gt %/ijcl:glgcg%ﬂ e(tj ﬁer?vg(tjwe of celecoxib that
3- (trifl uor gaEetnBY nhiblttyRltoRERhast-2Y ihHRAGESREHH Fﬁ%ﬂ%&ﬂn@ﬁh&\%ﬁmﬁiﬂ@hw

thereof. 5. The pharnmaceutical conposition o aim1l, erein sard
first corrpoE@ﬂ’ﬂlﬁéﬂ?ﬁs%Oih-lﬁr odrug capabl e of being netabolized into a
SERCA specific inhibitor. 6. The pharmaceutical conposition of Caim
1, wherein said first conposition is capable of elevating the
expression of CHOP in said cell. 7. The pharmaceuti cal conposition
of Claim1l, wherein said first conposition is capable of increasing
the concentration of m sfol ded or damaged proteins in the ER 8. The
pharmaceutical conposition of Claim1l, wherein said second
conposition is a proteasone inhibitor or a protease inhibitor. 9.
The pharnmaceutical conposition of CAaim1, further conprising a third
conposition is an apoptosis enhancer. 10. The pharnaceuti cal
conposition of Claim9, wherein said apoptosis enhancer upregul ates

t he expression of CHOP, overcomi ng a protective function of GRP78,
and activating caspase-4 and/or caspase 7. 11. The pharnaceuti cal
conposition of Claim9, wherein-said apoptosis enhancer is a si RNA
for GRP78 or an inhibitor of GRP78 function. 12. The pharnaceuti cal
conposition of Claiml, wherein said cell already exists in a state
of low ER-stress. 13. The pharmaceutical conposition of Caim1,
wherein said disease condition is caused by apoptosis dysregul ation.
14. The pharmaceutical conposition of Caim1l, wherein said disease
condition is cancer. 15. The pharmaceutical conposition of Caim1,
wherein said first conmposition conprises the conpound:
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CLAIMS

What is claimed is:

1. A pharmaceutical composition useful for triggering apoptosis in a cell associated
with a cancer selected from glioblastoma multiforme, breast carcinoma, pancreatic
carcinoma, Burkett's lymphoma, multiple myeloma, neuroblastoma, prostate cancer,
colorectal cancer, recurring cancer, metastatic breast cancer, chemo-resistant

tumors or drug-resistant cancer, said composition comprising a combination of:

a pharmaceutically effective amount of a first compostion comprising a

compound having a general formula:

R,
5
R;
R2 RS
= Rg
Ry N _ Ry Re
/:IO
Ris ,/3\ Riz
Ry 0O H
wherein,

R, is methyl, fluoromethyl, difluoromethyl, trifluoromethyl, alkyl, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or
carboxyalkyl;

Rz is hydrogen, fluoro, chloro, bromo; fluoromethyl, difluoromethyl,
trifluoromethyl, alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl,
polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl;

R3; — Ry are independently selected from a group consisting of: hydrogen,
fluoro, chloro, bromo, alloxy, alkyl, fluoroalkyl, difluoroalkyl,
trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl, aryl and

heteroaryl;
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Rs — Rq1 are independently selected from a grou'p consisting of: hydrogen,
fluoro, chloro, bromo; fluoromethyl, difluoromethyl, trifluoromethyl,
alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl, polyfluoroalkyl,
hydroxyalkyl, or carboxyalkyl; and

R12 is hydrogen, acetyl, acyl, alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl,
polyfluoroalkyl,  hydroxyalkyl, carboxyalkyl, aminoacyl, or
aminoalkyl;

a pharmaceutically effective amount of a second composition capable of
increasing the concentration of misfolded or damaged proteins in
the ER, wherein said second composition comprises a compound
selected from bortezomib nelfinavir, atazanavir, fosamprenavir,
ritonavir, of indinavir, and

a pharmacedtically acceptable carrier.
2. The pharmaceutical composition of Claim 1, wherein Ry is trifluoromethyl.

3. The pharmaceutical composition of Claim 1, wherein Rz and Rs are selected
from a group consisting of: hydrogen, fluoro, chloro, bromo; fluoromethyl,
difluoromethyl, trifluoromethyl, alkyl, aryl, heteroaryl, fluoroalkyl, difluoroalkyl,
trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl.

4. The pharmaceutical composition of Claim 1, wherein said first composition is
selected from the group consisting of 4-[5-(2,5-dimethylphenyl)-3-(trifluoromethyl)-
1H-pyrazol-1-yllbenzenesulfonamide, 4-[5-(2,5-di(trifluoromethyl)phenyl)-3-
(trifluoromethyl)-1H-pyrazol-1-yllbenzenesulfonamide and 4-[5-(2,5-dibromophenyl)-

3~(trifluoromethyl)-1H-pyrazol-1-yllbenzenesulfonamide or an analogue thereof.

5. The pharmaceutical composition of Claim 1, wherein said first composition is a

prodrug capable of being metabolized into a SERCA specific inhibitor.

6. The pharmaceutical composition of Claim 1, wherein said first composition is

capable of elevating the expression of CHOP in said cell.

59



7. The pharmaceutical composition of Claim 1, wherein said first composition is

capable of increasing the concentration of misfolded or damaged proteins in the ER.

8. The pharmaceutical composition of Claim 1, wherein said second composition is

a proteasome inhibitor or a protease inhibitor.

9. The pharmaceutical composition of Claim 1, further comprising a third

composition is an apoptosis enhancer.

10. The pharmaceutical composition of Claim 9, wherein said apoptosis
enhancer upregulates the expression of CHOP, overcoming a protective function of

GRP78, and activating caspase-4 and/or caspase 7.

11. The pharmaceutical composition of Claim 9, wherein said apoptosis
enhancer is a siRNA for GRP78 or an inhibitor of GRP78 function.

12. The pharmaceutical composition of Claim 1, wherein said cell already

exists in a state of low ER-stress.

13. The pharmaceutical composition of Claim 1, wherein said disease

condition is caused by apoptosis dysregulation.

14. The pharmaceutical composition of Claim 1, wherein said disease

condition is cancer.

15. The pharmaceutical composition of Claim 1, wherein said first composition

comprises the compound:

Me
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